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ABSTRACTION IN VERBAL PAIRED-ASSOCIATE LEARNING 


BARBARA S, MUSGRAVE anp JEAN CARL COHEN 
Smith College 


Compound stimuli for verbal paired-associate learning consisted of 2 
CVC nonsense syllables. Several different compounds were paired 
with each response. In terms of relationships, therefore, the task was 
designed as a concept-identification task rather than as the usual paired- 
associate task. Each of the compound stimuli paired with a given 
response contained an identical CVC which could serve to identify the 
concept. The 2nd CVC of each compound stimulus was either irrele- 
vant (i.e., paired with 2 different responses), or only partially relevant 
(i.e., paired only with a single response, but not occurring every time 
that response occurred). A transfer task, with each CVC presented 
separately, indicated that Ss had not learned to label both parts of the 
compound stimuli equally, but, instead, had abstracted the identical 
CVCs as stimuli for association. That is, identical CVCs presented 
alone elicited correct responding at near-perfect performance levels; 
whereas nonidentical elements presented alone elicited correct respond- 
ing only slightly better than new CVCs presented for the 1st time in 


transfer. 


Two experiments explored paired- 
associate learning with compound 
stimuli consisting of two CVC non- 
sense syllables. As in concept-identi- 
fication tasks, each response was 
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search Grant, MH 08156-01, from the 
National Institute of Mental Health, Public 
Health Service. Thanks are due Lyle Bourne, 
Robert Teghtsoonian, and A. E. Goss for 
helpful suggestions. Preliminary and sup- 
plementary data were collected by Margaret 
Rose Shulman, Christiane Starke, Behna 
Vogel, Marian Dobbs, and Priscilla Sewall. 
Data for the experiments proper were col- 
lected by Gertrude Ahern. 


paired with each of a group of stimuli. 
The stimuli which were members of a 
given group were identifiable by 
virtue of the fact that each contained 
one identical CVC in common, called 
the Identifying (I) element. The 
remaining element of each compound 
stimulus was one of two kinds: Hier- 
archical (H) elements, or Constant 
(C) elements. The H elements were 
compounded sometimes with one I 
and sometimes with a second. Hence, 
each H was paired with two different 
concept labels. Such pairings offered 
an opportunity for the establishment 
of a hierarchy of labeling responses. 
The C elements accompanied only one 
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I element, and, hence, each was paired 
constantly with only one concept 
label, but did not occur as frequently 
as I elements with which they were 
compounded. Thus, C elements were 
redundant, but only partially relevant. 

It was predicted that Ss would 
"abstract" the I elements in the 
stimulus compounds during acquisi- 
tion, and that this would be demon- 
strated by better performance with 
the I elements than the H or C 
elements when each CVC was pre- 
sented aloneina transfer task. It was 
also predicted that there would be 
better transfer performance with C 
than with H elements because the H 
elements had been presented with two 
different responses and, hence, might 
occasion response conflict, or, at least, 
response choice. 

Because each I had been combined 
sometimes with H and sometimes with 
C, each I had occurred more fre- 
quently than either of the other two 
kinds of elements. Thus, in this 
design, kind of element is confounded 
with frequency of pairing, and the 
predictions given above could be 
explained in terms of differential 
amounts of practice, or differential 
opportunities for stimulus sampling. 
To explore the importance of a fre- 
quency factor, frequency was intro- 
duced as a second major variable in 
such a way that it would be possible 
to compare the learning of associations 
to the different kinds of elements 
holding constant frequency of pairing 
with the concept labels. 


EXPERIMENT I 
Method 


Subjects.—The Ss were 27 women fulfilling 
a class requirement. Each was naive as an S 
and was a native English speaker. An addi- 
tional 10 Ss participated but did not meet the 
criterion for original learning. 

Design and materials.—Lists for the train- 
ing phase had 56 paired associates, each of 
which consisted of two capitalized CVCs, 


TABLE 1 


Description OF CVC ELEMENTS USED 
IN COMPOUND VERBAL STIMULI 


Kind of 
Element 


L, Is, Lis 


Description of Role Played in 56-Pair 
Lists for Original Acquisition 


Identifying, occurring 4, 8, or 16 
times 

Ha, Ha Hs | Hierarchical (compounded alter- 
nately with two different Identi- 
fiers, and, hence, paired with two 
concept labels), occurring 2, 4, or 
8 times 

Ci, Cs, C, | Constant (compounded with 
only one Identifier, and, hence, 
constantly paired with only one 
concept label), occurring 1, 2, or 
4 times 


separated by a typewritten space, as stimuli, 
and single capital letters as responses. The 
response letters were not duplicated in the 
stimuli, The CVCs had as few repetitions of 
first letters and of last letters as possible. 
All CVCs were of moderate association value, 
M = 50.2, (Archer, 1960), with a range of 
38 to 59. 

The 56 pairs represented, in random order, 
examples of six concepts. There were, hence, 
six different response letters which served as 
concept labels. Two of the concepts had 4 
examples each; two had 8; and two had 16. 
The increase in numbers of examples was the 
device used to equate for frequency across 
kind of element. 

Table 1 presents, under the heading “Kind 
of Element,” the initial-letter abbreviations 
for each kind, and numerical subscripts which 
indicate the number of times that element 
occurred in the training list, Thus, Table 1 
presents the nine experimental conditions in 
matrix form. Across rows, kind of element 
was held constant, and frequency varied; 
across diagonals, frequency was held constant 
and kind of element varied. 

Table 2 presents a sample of S-R pairs 
used in training. These eight pairs exemplify 
the two concepts in the list which had four 
examples each, and contain all the basic 
patterns of the entire 56-pair list. The eight 
are considered one set because the same 
elements appear in the examples for each of 
the two concepts. For Concept F, JEP is the 
identical element in each example. It occurs 
four times in the 56-pair list and, hence, 15 
called I4. TAY occurs only with yer and the 
response F. It is, therefore, a constant, 
occurring only once in the list, Cı. ZIN occurs 
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TABLE 2 


SAMPLE STIMULUS-RESPONSE PAIRS IN 
LIST FOR ORIGINAL LEARNING 


Concept “F” Concept “K” 

S R s R 
JEP TAY F NUZ CEW K 
SUX JEP F DYC NUZ K 
JEP ZIN F NUZ YOT K 
YOT JEP F ZIN NUZ K 

Iq: JEP, NUZ 
Ci: TAY, SUX, CEW, DYC 
H3: ZIN, YOT 


once in examples of both concepts, and is, 
hence, a Hierarchical element, Ha The 
different kinds of elements occurred a counter- 
balanced number of times in first and second 
position in the compounds. 

The two concepts with eight examples 
each may similarly be considered as a set. 
Eight examples present their I element eight 
times, Is. The H elements of this set, y's, 
occurred twice with each I. The C elements 
Cy's, occurred twice but with only one I. 
Thus, in this set, each kind of element ap- 
peared twice as often as in the set presented 
in Table 2. To achieve doubling, this set 
included all pairs such as those presented in 
Table 2 (of course, using different syllables), 
plus these pairs with their stimulus syllables 
reversed, to continue counterbalancing for 
position. 

The two concepts with 16 examples each, 
formed still a third set, wherein the frequency 
of each kind of example was again doubled. 
Every kind of example present in the set just 
considered was presented twice. The I 
elements of this set were I,'s, the H elements 
H's, and the C elements C,’s. Therefore, the 
C elements of the most numerous set were 
paired with their concept labels exactly as 
often as the I elements of the least numerous 
set were paired with theirs. Three different 
training lists were used in order to have the 
identical S-R pairs appear as I, Ca and He 
elements. 

The lists for the transfer phase consisted of 
pairs with a single CVC from the compound 
stimuli used in training as stimulus, and the 
single letter associated during training as 
response. The lists were 18 pairs long, includ- 
ing the two Is, the two Hs, and two of the four 
Cs (one from first and one from second posi- 
tion) from each of the three sets. Nine 
different forms of the list were used in order 


to have each kind of element appear as the 
first item in the transfer task, thus distribut- 
ing equally whatever generalization decrement 
might occur in the shift from double to single 
element stimuli. This counterbalancing com- 
bined with the three forms of the training 
lists made 27 combinations of training and 
test lists. Each training and each test list was 
constructed with four different orders. Each 
of the 27 Ss was her own control, serving in 
all nine experimental conditions (I4, Is 116, Cu, 
Cs Ca Hs Ha, Hs) in a Treatments X Ss 
design. 

Procedure and apparatus.—Each S was 
assigned, as she appeared, to one of the 27 
list combinations which were in a prearranged 
order. Tape-recorded standard paired-asso- 
ciate instructions for the anticipation method 
included information on what the six response 
letters would be. The training list was 
presented at a 3:3:12 rate on a Stowe memory 
drum until S had reached the 100% criterion, 
or had completed six trials whichever came 
earlier, The E then stopped the drum, 
affixed a test list on top of the training list, 
gave a ready signal, and started the drum 
again at a 3:3:6 rate with no further in- 
structions. There were five transfer trials 
in all. The first was a recall trial with the 
correct response presented after each stimulus. 
Thus, the remaining four were learning trials. 


Results 


Training trials —Of 37 Ss, 10 failed 
to produce a perfect trial in six trials. 
The remaining 27 Ss met the criterion 
with a mean of 4.4 trials, and a range 
of 2 to 6 trials. 

During acquisition, correct re- 
sponses were given to compounds 
containing I, elements on 61% of 
occurrences, to those with H4 71%, to 
those with Hs 80%, and to those with 
C, 77%. Thus, nonidentical ele- 
ments, H4 and C4, each of which was 
presented the same number of times 
as I, elements, were present on occa- 
sions of correct responding more 
frequently than I, elements. Also, 
nonidentical elements, Hs, and, of 
course, C4, each of which was paired 
with a single response the same num- 
ber of times as I, elements, again were 
present on occasions of correct re- 
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TABLE 3 
MEANS AND SDs ror NUMBER CORRECT RESPONSES TO STIMULUS 
ELEMENTS ON TRANSFER TRIALS IN Exp. I 
Trial 
FXEQUIUA 1 2 3 4 5 Overall 
M SD M SD M | SD M SD M SD M SD 
I. 1.59 | .57 | 1.93 | .23 | 1.96 | .22 | 1.85 | .36 | 1.96 | .22 | 9.30 | .98 
Is 1.78 | .49 | 1.89 | .31 | 2.00 | .00 | 1.93 | .23 | 1.96 | .22 | 9.56 | .87 
Hm 1.85 | .46 | 1.85 | .36 | 1.89 | .31 | 1.93 | .23 | 1.93 | .23 | 9.44 | 1.07 
Hs 48a | .57 59 | .68 81 | .82 | 1.22 | .74 | 1.33 | .78 | 4.44 | 2.07 
Hy 33° | 47 63 | .55 74 | .64 .89 | .63 | 1.15 | .65 | 3.74 | 1.76 
8 37^ | 48 56 | .73 85 | .71 | 1.26 | .58 | 1.37 | .68 | 4.41 | 2.02 
Ci 59 | .56 | .74 | .80 | 1.19 | .66 | 1.33 | .73 | 1.41 | .68 | 5.26 | 2.36 
2 52 | .63 .52 | .63 .81 | .82 | 1.19 | .66 | 1.37 | .73 | 441 | 2.54 
4 56 | .62 44 | .64 89 | .63 | 1.19 | .76 | 1.11 | .79 | 448 | 2.38 
a On Trial 1, only one of the appropriate responses to the Hierarchical stimulus elements was counted. (See 


text for means for Hierarchical stimuli on Trial 1 when both appropriate responses were counted.) 


sponding more frequently than I4 
elements. 

Transfer trials —The mean number 
correct responses and SDs for all con- 
ditions for five test trials are presented 
in Table 3. For the H elements, two 
scores are possible on the first test 
trial, one which counts either of the 
hierarchically associated responses as 
correct, and one which counts as 
correct only that one of the two which 
has been designated by E as correct 
for the next four test-acquisition 
trials. Neither scoring system is 
without difficulties. If both responses 
are counted on the first trial, then per- 
formance on the H elements suffers an 
artifactual drop on the second trial 
when only one is counted. If only one 
response is counted on the first trial, 
the mean does not represent the full 
measure of what the group of Ss has 
learned about these elements. Trial 1 
of Table 3 was based on a count of 
one response. With both responses 
counted, the mean values were H;: 
.93, H4: .70, and Hs: .81, or ap- 
proximately double. 

A Treatments X Trials X Ss anal- 
ysis was performed, which showed 


differences among conditions to be sig- 
nificant, F (8, 208) — 55.83, p « .001, 
as well as trials, F (4, 104) — 46.34, 
p < .001, and the Conditions X Trials 
interaction, (32,832) — 3.09, p<.001. 
Inspection of Table 3 shows clearly 
that the differences between the | 
elements on one hand and the H and 
C elements on the other are in the 
predicted direction and that there is a 
wide gap between them. Also, Table 
3 shows that the H and C elements do 
not fall into two different groups, as 
predicted. A Tukey (a) test (Winer, 
1962) indicated that the I elements 
did not differ from each other, and 
that the H and C elements also did 
not differ from each other, but all the 
I elements differed significantly from 
all the H and C elements (p < .01). 
Significant differences between the I 
elements and the H and C elements 
also were found on each of the five 
transfer trials separately, indicating 
that performance on the H and C 
elements did not improve across trials 
sufficiently to bring their levels of 
performance up to the nearly perfect 
performance which the I elements 
maintained throughout transfer. 
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EXPERIMENT II 


Experiment II was designed to ex- 
plore further the strikingly poor per- 
formance with both H and C elements, 
in particular to compare transfer per- 
formance with H and C elements with 
that elicited by new CVC elements 
not previously appearing in the stim- 
ulus materials. 


Method 


Subjects—Again Ss were 27 women ful- 
filling a class requirement, each a naive S and 
a native English speaker. An additional 11 
Ss participated but failed to meet one or more 
criteria. 

Design, materials, procedure, and apparatus. 
—Experiment II replicated Exp. I in all 
details, with one exception: In transfer, single 
CVCs, which had not previously appeared 
in the experiment, were added to the lists. 
As new elements, six CVCs were selected to 
have low formal similarity with those already 
in use, and with a comparable mean Archer 
association value of 50.6. The new elements 
were paired with the six response letters used 
for original training. Two new elements were 
inserted in each transfer list. Pairings with 
responses were made in counterbalanced 
fashion across the 4-, 8-, and 16-example 
sets. The new pairs were inserted at 
random in the transfer lists, except that 
neither appeared in the first position. Each 
pair varied randomly in position over the 
five test trials. 


Results 


Training trials —Of 38 Ss, 10 failed 
to produce a perfect trial of 56 correct 
responses in six trials, and one S was 
discarded after participation when she 
remembered serving in a similar ex- 
periment elsewhere. The remaining 
27 Ss met the 100% criterion with a 
mean of 4.3 trials and a range of 2 
to 6 trials. 

During acquisition, correct re- 
sponses were given to compounds con- 
taining I, elements on 62% of occur- 
rences, to those with H4 69%, to those 
with Hs 80%, and to those with C, 
80%. Thus, again, nonidentical ele- 
ments, Hy and C4, each of which was 
presented the same number of times 


as identical elements, I4, were present 
on occasions of correct responding 
more frequently than I, elements. 
Also, nonidentical elements, Hs and 
Ca, each of which was paired with a 
single response the same number of 
times as identical elements, I4, again 
were present on occasions of correct 
responding more frequently than I, 
elements. 

On acquisition, therefore, findings 
from Exp. II closely replicated those 
of Exp. I. 

Transfer trials —The mean number 
correct responses and SDs for all 
conditions for five test trials are 
presented in Table 4. Again, only one 
response was counted as correct for 
H elements on Trial 1. With two 
counted, the values are Hə: 1.07, 
Hy: .89, and Hs: 1.07, or approxi- 
mately double. 

As in Exp. I, Ss performed better 
on the I elements than on the H and 
C elements, and also, than on the new 
elements presented for the first time 
on the first transfer trial. Main effects 
of conditions, F (9, 234) = 42.44, and 
trials, F (4,104) = 44.22, and of 
the Conditions X Trials interaction, 
F (36,936) — 3.08, all were highly 
significant, p < .001. A Tukey (a) 
test again divides the conditions into 
two groups with the I elements not 
differing from each other but differing 
significantly, p < .01, from all other 
conditions. In addition, this test 
shows no difference, even on Trial 1 
between the H and C elements and 
the new CVCs. Because the Tukey 
test is conservative, and the finding 
of no difference would have consider- 
able theoretical interest, a Newman- 
Kuels test was applied. This test 
shows that there were, p < .05, sig- 
nificantly fewer correct responses to 
the new elements than to the H» and 
C; elements on Trial 1. Differences 
between the new elements and the 
remaining four H and C elements did 
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TABLE 4 


MEANS AND SDs ror NUMBER CORRECT RESPONSES TO STIMULUS 
ELEMENTS ON TRANSFER TRIALS IN Exp. II 


Trial 
ERU 1 2 3 4 5 Overall 
M | sD | M | sD | M | SD M | SD`| M | SD | M | sD 
L 1.59 | .50 | 1.67 | .60 | 1.59 | .69 | 1.74 | .52 | 1.78 | .41 | 8.37 | 1.99 
Is 1.96 | .22 | 2.00 | .00 | 1.93 | .23 | 1.96 | .22 | 1.96 | .22 | 9.81 .50 
Hum 1.78 | .49 | 1.96 | .22 | 2.00 | .00 | 1.96 | .22 | 1.96 | .22 | 9.67 | .62 
H: 59 | .56 .67 | .66 «63 | .62 | 1.15 | .70 | 1.30 | .65 | 4.33 | 2.08 
Hı 52^ | .69 .56 | .68 | 1.04 | .74 | 1.00 | .82 | 1.19 | .66 | 4.30 | 2.41 
Hs 52^ | .50 .85 | .71 | 1.15 | .65 | 126 | .70 | 148 | .69 | 5.26 | 2.01 
Cı 59 | .63 | .85 | .76 | 1.04 | .79 | 1.33 | .62 | 1.33 | .55 | 5.15 | 2.17 
C: 41 | .62 52 | .63 +78 | .68 | 1.04 | .69 | 1.22 | .69 | 3.96 | 1.98 
Cı 56 | .56 -70 | .54 -93 | .71 | 104 | .69 | 1.19 | .71 | 4.41 | 2.42 
New 9. | .47 44 | .57 .85 | .80 | 1.19 | .81 | 1.22 | .79 | 3.89 | 2.44 


* On Trial 1, only one of the appropriate responses to the Hierarchical stimulus elements was counted, 


(See 


text for means for Hierarchical stimuli on Trial 1 when both appropriate responses were counted.) 


not quite reach the .05 level of sig- 
nificance. On Trial 2, the Newman- 
Kuels shows, p < .05, significantly 
fewer correct responses to new ele- 
ments than to the Hs and C; elements, 
but not than to the remaining four H 
and C elements. On Trials 3, 4, and 
5, performance with the new elements 
was as good as that with any of the 
H and C elements. 

It will be noticed that the mean 
number correct responses to I4 ele- 
ments in this study was less, although 
not significantly so, than the number 
correct to Is and Iis on each of the 
five transfer trials. On Trials 1 and 2, 
significant differences, p < .01, ob- 
tained between the I, elements and 
all H and C and new elements. But 
on Trial 3, the Tukey test indicated 
that I4 did not differ significantly from 
Hs; on Trial 4, from Hs and C;; and 
on Trial 5, from Hs, Ci, and Ho. 


DISCUSSION 


Both experiments clearly confirmed 
the prediction that in transfer Ss would 
perform best with I elements, and thus 


demonstrate that the concept labels had 
been differentially associated with the 
identical parts of the stimulus com- 
pounds rather than the nonidentical 
parts even when frequency of pairings 
had been equated. The prediction of 
difference between C and H elements 
was twice disconfirmed. Experiment II 
indicated that although correct responses 
to C and H elements slightly exceeded 
those to new elements on Trials 1 and 2, 
C and H elements had no advantage on 
Trials 3, 4, and 5. 

It seemed possible that the striking 
differences between I elements and C 
and H elements could be attributed in 
part to selection of only the fastest 
learners, as the criterion eliminated ap- 
proximately one third of the starting 5s. 
Perhaps slower learners are slow precisely 
because they are attempting to master 
the task more thoroughly. Accordingly, 
the transfer data for the excluded Ss was 
analyzed. Again, significant differences, 
p «.001, were found between the p 
elements and the H and C elements in 
transfer. However, these differences 
were only twofold for excluded Ss, 
whereas they were threefold in the ex- 
periments proper. Also, on Trial 1, ex- 
cluded Ss averaged more correct re- 
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sponses, summed across all conditions, 
than included Ss. This evidence seems 
to indicate that the excluded Ss were 
abstracting, but to a lesser extent. How- 
ever, included Ss who were rapid learners, 
completing acquisition on Trial 2 or 3, 
did not exhibit greater abstracting than 
slower learners who completed acquisi- 
tion on Trial 6. 

Assuming that Ss abstract stimulus 
elements, what controls the particular 
choice made? The stimulus syllables of 
each compound did not differ in mean- 
ingfulness, nor, in the usual sense, in 
intralist similarity, since with frequency 
equated the special case of extreme 
similarity occasioned by repeating iden- 
tical elements was also equated. With 
meaningfulness, similarity, and absolute 
frequency eliminated, a stimulus aspect 
that remains is relative difference in fre- 
quency between each I and its own Cs 
and Hs.’ 

How subtle, or reduced, relative fre- 
quency can become before S loses ability 
to detect differences, remains to be de- 
termined empirically. In the present 
experiments, although the I to C ratios 
were always a multiple of four across all 
three sets (Ii; to Ca, Is to C», and I, to 
C), the absolute difference in I and C 
frequencies ranged down from a differ- 
ence of 12 to 6, and finally to 3, with no 
apparent differential consequences for 
selective behavior. 

For H elements, there is an aspect in 
addition to relative frequency which may 
account for I-H differences, which is that 
Hs are paired sometimes with one and 
sometimes with another response, and, 
thus, are subject to partial disconfirma- 
‘tion, Predicted differences between H 
and C elements, which were twice dis- 
confirmed, leaned heavily on this aspect. 
Perhaps part of H-C equality in these 
studies is a mixed-list effect. 

The equally poor performances with H 
and C elements may also be a function 
of the degree of acquisition determined 
by the learning criterion. Thus, over- 
learning could affect C and H elements 
differently, with associations of C ele- 
ments, by incidental learning, creeping 
up toward those of I elements, and 
associations of H elements remaining low 


with continued disconfirmation or devel- 
oping into full-blown hierarchical re- 
sponding. However, both Lawrence 
(1963), and Bower and Trabasso (1964) 
have suggested that once abstraction, or 
stimulus cue selection, has taken place, 
there will be no further association of 
either relevant redundant elements (C 
elements are partially redundant and 
relevant) or irrelevant elements (H 
elements). The present studies provided 
some confirmation of their view in that 
correct responding occurred more fre- 
quently in acquisition in the presence of 
C, than Cs, and of C» than Ci, with no 
difference in transfer performance. Simi- 
larly, more frequent correct responding 
in the presence of Hs did not produce 
consistently better nor worse transfer 
performance than H4, nor H4 than Hs. 

Turning now from comparisons be- 
tween kinds of elements with frequency 
held constant, to those between different 
frequencies of the same kind of element, 
it becomes apparent that frequency 
differences in training which has pro- 
ceeded to the criterion of one perfect 
trial were of little consequence in 
transfer. Except for the persistently, 
but not significantly, poorer performance 
on I, in Exp. Il, Ss performed on the 
transferred I elements equally well, and 
on the C and H elements, of whatever 
frequency, equally poorly. It should be 
noticed, however, that I elements neared 
the ceiling of perfect performance. 

The design and methodology of these 
experiments, which permit control of 
frequency of stimulus elements, and 
provide a transfer task in which relevant 
and irrelevant elements are directly 
tested singly, have provided findings of 
theoretical as well as empirical interest. 
The lack of differences between the C and 
H elements is not readily derivable from 
current learning theories. Nor are the 
similarities between C and H elements, 
and new elements. For theoretical pur- 
poses, differences between I, and C4 
elements represent particularly stringent 
data: These two kinds of elements oc- 
curred in training with equal frequency; 
on every trial, they occurred twice each 
in first and in second position; across 
training lists, they were identically the. 
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same CVCs paired with identically the 
same responses; in transfer, C, elements 
behaved very differently from I, elements 
and much like new elements. Therefore, 
the remaining discussion will consider the 
I, — C, difference from several points 
of view. 

As to stochastic models, Sternberg 
(1963) distinguishes between  E-con- 
trolled reinforcement and response-con- 
tingent reinforcement. In relation to 
E-controlled reinforcement, I, and C4 
elements have been presented by E in 
contiguity with the correct response an 
equal number of times and should, hence, 
have elicited equal transfer performance, 
which they did not. In relation to 
response-contingent reinforcement, re- 
sponding in the presence of C, has been 
confirmed as correct more frequently 
than responding when I, elements were 
present. Thus better learning of C, than 
I, elements would be predicted, but the 
reverse was found. 

Obviously, sampling theory as pro- 
posed for simple learning (see Atkinson 
& Estes, 1963) which assumes that all 
elements have an equal probability of 
occurrence in the stimulus sample (the 
parameter, 0), and an equal probability 
of being conditioned if they do occur in 
the sample (the parameter, c), is not 
capable of handling these results without 
an additional assumption. In fact, the 
data may require a multiple-process 
model (Atkinson & Estes, 1963, p. 257). 

Bourne and Restle (1959) have pro- 
posed that, as relevant elements or cues 
condition, irrelevant cues adapt out, or 
are neutralized. Their general notion 
that practice can thus have both negative 
and positive results at the same time 
may be applicable to these data. How- 
ever, their theory concerning adaptation 
refers only to irrelevant elements whereas 
C elements in the present experiments 
are never irrelevant. 

Mediating processes have been dis- 
cussed by Goss (1961) as explanatory 
mechanisms in concept formation. It 
seems plausible that the extension of 
previous theories which is required is the 
assumption that Ss self-instruct them- 
selves as to which part of the stimulus 


complex should be read, and, hence, 
that these organizing, self-instructing 
responses mediate control by .S over 
stimulus sampling, and thus, over which 
S-R associations are practiced. Organ- 
izing responses might consist of self- 
exhortations to problem solve, questions 
concerning best problem-solving techni- 
ques, hypothesis formulation, or self- 
instructions as to what part of the 
stimulus compounds shall be read into 
the functional stimulus sample. Accord- 
ing to this conception, differences be- 
tween I elements and C and H elements 
are explained in terms of the eventual 
self-instructed sampling of elements, 
because then only I elements are read 
for associating with responses. Also, 
organizing responses of a negative sort 
such as self-instructions not to attend to 
Cand H elements may contribute to poor 
transfer performance with these stimuli. 
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PREMOTOR AND MOTOR COMPONENTS 
OF REACTION TIME! 
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Duke University 


Reaction time (RT) was fractionated into premotor and motor com- 
ponents based upon the difference between EMG and finger-lift 
responses. EMGs were recorded from the extensor muscle of the 
responding forearm during measurement of simple auditory RTs of 54 
Ss. The premotor time was that period from the presentation of the 
stimulus to the appearance of increased muscle firing, while the motor 
time was that period from this change in action potential to the finger- 
lift response. 4 preparatory intervals (PI), 0.5, 3.0, 6.0, and 15.0 sec., 
were used in both a regular and irregular series. Premotor time and 
RT were highly correlated and showed comparable variations as a 
function of PI and type of series. Motor time was poorly correlated 
with RT and was independent of PI and type of series. It was con- 
cluded that set, as inferred from the relations between RT and PI and 


type of series, is a premotoric process. 


One of the earliest investigations in 
experimental psychology included the 
observation that reaction time (RT) 
varied with the foreperiod or prepara- 
tory interval (PI). At least as far 
back as Breitwiesser (1911), the rela- 
tions between PI and RT were under 
analysis, and for extended and more 
complex purposes, it continues to be 
under analysis during modern times 
(e.g., Botwinick & Brinley, 1962; 
Drazin, 1961; Hermelin & Venables, 
1964; Hohle, 1965; Karlin, 1959; 
Klemmer, 1956). The variations of 
RT in relation to PI have been attri- 
buted to states of expectancy or 
preparatory set of S (e.g., Gibson, 
1941), and it appears as if states of 
set, and states of alertness or arousal 
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may have similar properties, at least 
with respect to RT (e.g., Lansing, 
Schwartz, & Lindsley, 1959). 

There have been attempts to eluci- 
date the locus of RT and RT set. 
Mowrer and his colleagues (Mowrer, 
1940; Mowrer, Rayman, & Bliss, 
1940), and Weiss (1965) argued for a 
central locus, while Davis (1940), 
Freeman (1937, 1938), and Freeman 
and Kendall (1940) have provided 
data which suggest peripheral in- 
volvements. It is of interest here that 
both Weiss (1965) and Davis (1940) 
employed recordings of muscle action 
potentials, but each emphasized a 
different locus of RT. Davis meas- 
ured the amplitude of EMG and 
showed that higher potentials preced- 
ing the stimulus were associated with 
quicker RTs. Weiss (1965) measured 
the latency of the EMG and used this 
in a clever way to argue for a central 
locus. 

Weiss fractionated total RT into 
two components. He measured the 
time from stimulus onset to the ap- 
pearance of the muscle action poten- 
tial which he labeled premotor time 
(PMT). The duration from muscle 
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firing to the finger-lift response was 
considered the motor time (MT) 
component. Thus, RT =PMT+MT. 
He reported that MT was not a func- 
tion of the PI, but that PMT was. 
In fact, PMT was in the same func- 
tional relation to PI as was RT. 
'Therefore, the variation in set due to 
PI was seen to be a premotoric 
process. Weiss referred to these data 
and others in the literature and con- 
cluded that central contributions to 
RT and RT set were predominant. 

The present study was an attempt 
to extend and elucidate Weiss' finding 
with respect to the premotor role of 
set in RT. The nature of this ex- 
tension will be discussed following 
the results of this study. 


METHOD 


Subjects.—The Ss were 34 men and 16 
women undergraduate and graduate students 
at Duke and North Carolina Universities, 
plus 4 women Ss with comparable education, 
but who were not students at the present 
time. Mean age of Ss was 21.3 yr. (range 
18-35), and mean education was 14.0 yr. 
(range 13-20). The Ss either volunteered in 
order to fulfill the requirements of a first 
course in psychology, or in order to receive 
a nominal hourly fee. : 

Procedure.—The S kept eyes closed while 
in a semireclining position in a lounge chair 
and pressed down a telegraph response key 
toinitiatean RT sequence. A minimum force 
on the key of approximately 106-107 gm. was 
necessary to do this. The key was placed on 
a side table, the height of which was approxi- 
mately 1 in. above the arm of the chair. 
Two seconds after the key press, a warning 
signal of 0.5-sec. duration came on. This was 
followed by the PI and then the stimulus 
which was terminated by the finger-lift 
response. The stimulus was a 1000-cps tone 
approximately 85 db. measured at S’s position 
5-6 ft. from the sound-source speaker. The 
warning signal which preceded the tone stim- 
pi was a 400-cps tone of approximately 75 

Each S was assigned to one of four RT 
conditions which involved irregular and 
regular PI series. (In regular series PI is 
constant within a block of trials, and in ir- 
regular series PI is varied within a block of 


trials.) Each SS either had (a) irregular series 
first and regular ascending series second 
(1,A3), (b) irregular first and regular descend- 
ing second (I,Ds), (c) regular ascending first 
and irregular second (A15), or (d) descending 
first, irregular second (DiI;). (An ascending 
series is one where the PI order of presentation. 
is from the shortest to the longest duration; 
a descending series is of the reversed order.) 

Four Pls, 0.5, 3.0, 6.0, and 15.0 sec., were 
used in both the regular and irregular series. 
In the regular series 21 stimulus presentations 
were administered for each of these Pls, 
making a total of 84 RTs. The order within 
irregular series was prearranged so that each 
PI duration would precede the other three 
PIs the same number of times, To accom- 
plish this and to keep the number of RT 
measurements as comparable as possible to 
the regular series, 85 RT measurements were 
necessary with irregular PIs. In this way 
each S experienced 169 stimulus and RT 
sequences, 

Simultaneously with the RT measure 
ments, EMGs were recorded. Standard 
EKG electrodes were strapped on the respond- 
ing forearm above the extensor digitorum 
communis, and the potentials were amplified 
and recorded with a Grass, Model III, eight- 
channel EEG. One channel was used to 
record the stimulus and RT sequences, and 
one channel was used to record the EMG. 
On the remaining channels EEGs were re- 
corded for a different purpose. The Es were 
in one room monitoring the polygraph and 
setting the appropriate PI conditions by the 
use of Hunter interval timers, and S was in an 
adjoining room connected to the apparatus 
via lead wires. 

EMGs were recorded only of the middle 
RTs within each PI context. Thus, of the 
21 RTs per regular PI, EMGs were recorded 
for the 10 RTs of Trials 7-16 in the PI series. 
In this way 40 EMGs associated with 40 RTs 
in regular series were recorded, 10 for each 
of 4 regular PIs. Similarly, the EMGs were 
recorded for only the middle 42 RTs within 
irregular series, Trials 22-63. All together, 
therefore, 82 EMGs were recorded for each S 
individually. (Approximately 21 RT trials 
per PI were used instead of a lesser number in 
order to maximize the effect of the PI and the 
context of PI. However, only the middle RT 
trials were analyzed in order to minimize 
Practice or learning effects during early trials, 
and fatigue or boredom effects during later 
trials.) 

For each RT, the ink record was analyzed 
manually by measuring with a millimeter 
scale the distance between the point on the 
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EMG tracing where the stimulus began and 
the point of first increased muscle firing. 
This was the PMT. RT was the measured 
distance between stimulus onset and finger- 
lift response. The PMT measurement was 
subtracted from the RT measurement to give 
the MT. "There were 9-11 measurements for 
each PI of each series. For each S the 
medians of RT, PMT, and MT were com- 
puted independently. This was done for 
each of four PIs in a regular series (Ai, As, 
Di, or D2), and in an irregular series (1; or Iz). 


RESULTS 


The means of the median RTs, 
PMTs, and MTs may be seen in 
relation to the PI within regular and 
irregular series in Fig. 1. The means 
in Fig. 1 are of the pooled data of the 
four regular series (Ai, As, Di, Ds) 
and of the two irregular series (I; and 
I). A variety of variance analyses 
were carried out on the data of men 
and women Ss when considered sepa- 
rately, when compared, and when 
pooled. In no instance was a statis- 
tically significant difference found 
among the four regular series or be- 
tween the two irregular series (p >.05). 
The median values of individual Ss 
underlying the curves of Fig. 1 were 
subjected to variance analyses and the 
results which follow are of these 
pooled data. 

Reaction time.—The four different 
PIs within regular series and within 
irregular series made for statistically 
significant differences in RT. It may 
be seen in Table 1 that with 3 and 
156 df, the F ratios associated with 
PIs were 59.54 and 4.36, for regular 
and irregular series, respectively 
(p « .01). 

It may be seen in Fig. 1 that RTs of 
irregular series were slower than the 
RTs of regular series. This difference 
was statistically significant across the 
four PI conditions as determined by a 
separate analysis of variance compar- 
ing the two types of series. The F 
ratio was 52.78 which with 1 and 53 
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Fic. 1. Mean simple auditory RT of 54 
Ss, and the premotor and motor time com- 
ponents of RT, as functions of 4 preparatory 
intervals within a regular series and within 
an irregular series. 


df, p < 01. Thus, RT was found 
related to PI duration within each 
type of series, and to the regularity 
vs. irregularity of the series. 

Motor time.—A contrasting role of 
PI and of type of series may be seen 
in Fig. 1 with the motor component 
of RT. Mean MT was essentially a 
constant, independent of PI or type 
of series. The range of mean MT was 
from .038 sec. (3.0 sec. PI of regular 
series) to .042 (15.0 sec. PI, also of 
regular series). This contrasting role 
of MT was confirmed by the same 
type of analyses of variances as were 
carried out on the total RT data. It 
may be seen in Table 1 that a statis- 
tically significant effect of PI on MT 
was not found (p > .05). The sepa- 
rate variance analysis comparing MTs 
between regular and irregular series 
indicated no statistically significant 
difference (F < 1.0, p > .05). Thus, 
the experimental conditions which 
provide for differences in set, (PI and 
type of series) did not have a reliable 
effect on motor speed.? 


2 These results of MT were complicated 
and made less clear by variance analyses 
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TABLE 1 
ANALYSES OF VARIANCES OF RTs, MTs, ANp PMTs or REGULAR AND IRREGULAR SERIES 


RT MT PMT 
Source af [aa a 
Reg. Irreg. Irreg. Reg. Irreg. 
3 | 59.54** | 4.36** | 2.00 .06 75.14** | 4.30** 
ae Ts ED 53| 8.83**| 7.82** | 11.80** | 20.08** | 9.01** | 523** 
Sex Groups X PI .80 1.98 1.81 81 40 1,39 
Error: Pooled Ss X PI* (Mean |156| (.76) (.82) (.08) (.05) (.57) (.91) 
Sex pS arti 1) 1.13 .02 38 68 2.15 20 
Error: Ss in Sex Groups*(Mean| 52 (6.75) | (6.53) (.91) | (1.03) | (5.03) | (4.85) 
Square) 
215 
* Mean squares were divided by 1000 and rounded for the purpose of this table. RTs, PMTs, and MTs 
nus pus 


Premotor time.—Reference to Fig. 1 
indicates that the RT and PMT 
functions were very nearly parallel. 
The corresponding variance analyses 
for PMT were also similar to those of 
RT. Table 1 shows that F ratios 
associated with PIs and with individ- 
ual differences were highly statisti- 
cally significant in both regular and 
irregular series (p < -01). The PMTs 
were statistically longer for the ir- 


which were carried out on each sex group 
separately. While the results with irregular 
series of each sex group, and with regular 
series of women Ss were similar to those of 
results seen in Table 1, the MT results with 
regular series of male Ss were not. The mean 
differences in MT due to the four regular PIs 
were very small, but the associated F (3, 99) 
= 3.60, p < .05. The trend was of slightly 
longer MTs with longer Pls. Paradoxically, 
there was a statistically nonsignificant trend 
in the opposite direction for female Ss. These 
data, however, did not make for a significant 
sex interaction with PI, as may be seen in 
Table 1. The meaningfulness of the statistical 
tests involving separate sex groups are not 
only unclear, but they probably are not im- 
portant. The levels of significance related to 
PI differences were low and the range of the 
mean MTs was so small that an appreciable 
relation to PI and type of series was not 
possible. It would be more meaningful, 
perhaps, to be impressed with the small error 
term (Ss X PIs) than with the variation 
associated with regular PIs of male Ss, 


regular series than for the regular 
series, as seen in a separate analysis of 
variance, F (1, 53) = 74.49, p < .01. 

Intercorrelations.—Pearson product- 
moment correlations (r) were com- 
puted between the two components of 
RT. That is, the median PMTs and 
median MTs of Ss were correlated for 
each PI of regular and irregular series. 
Table 2 indicates the independence of 
the two RT components. The eight 
coefficients of correlation between MT 
and PMT were near zero, ranging 
from —.10 to .24, with a mean r (by 2! 
transformation) of .14, p > .05. 

Since RT = PMT + MT, and since 
PMT and MT were uncorrelated, the 
contribution to the variance of RT by 
each of the two components was a 
direct function of the relative size of 
their variances. The ratios of the 
variance of PMT to that of MT 
ranged from 4.08 with the 0.5-sec. 
regular PI, to 9.41 with this same 
short PI in irregular series. Each of 
these F ratios (53,53) was statistically 
significant, p < .01. 

The variance of PMT was clearly 
larger than that of MT, and thus it 
followed that PMT and not MT, was 
the major contributor to the variance 
of RT. As may be seen in Table 2, 
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TABLE 2 
CORRELATIONS AMONG RT AND COMPONENTS OF RT IN RELATION TO THE PREPARATORY 
3 INTERVAL OF IRREGULAR AND REGULAR SERIES 


Preparatory Interval (Sec.) 


Correlates Irregular rd 

0.5 3.0 6.0 15.0 0.5 3.0 6.0 15.0 
PMT-RT 928 87 91 93 88 92 92 96 
MT-RT 21 50 48 34 51 45 55 42 
MT-PMT| —10 10 18 05 09 24 20 18 


a All product-moment correlation coefficients multiplied by 100. 


the part-whole correlations between 
PMT and RT were very high ranging 
from .87 to .96 with a mean (by 2’ 
transformation) of .92, p < .01. The 
eight correlation coefficients between 
MT and RT ranged from .21 to .55 
with a mean (by z' transformation) of 
44, The mean and six of the eight 
MT-RT correlations in Table 2 were 
statistically significant, p < .01. 

Product-moment coefficients of cor- 
relation were also computed within Ss. 
The approximately 40 measures of 
RT, PMT, and MT were intercor- 
related within each S of a randomly 
selected subsample of 9 men and 5 
women for regular series, and an equal 
N for irregular series. Thus, three 
coefficients of correlation were avail- 
able on each of 28 Ss. 

The intra-S correlations were similar 
to the inter-S correlations in that the 
two components of RT were uncor- 
related, the variances of PMT were 
larger than those of MT, and thus, 
PMT and RT were very highly 
correlated, and MT and RT were 
correlated, but poorly. 

Specifically, the 28 ratios of the 
variances of PMT to MT ranged from 
0.80 with the regular series of one S, 
to 81.61 with the regular series of 
another S. Only 1 of the 28 ratios 
was less than 1.00; the mean and 


median of the ratios of variances were 
15.24 and 8.50, respectively. Of the 
28 ratios, i.e., F tests (approximately 
39,39), 25 were statistically signifi- 
cant, p < .01, indicating larger vari- 
ances of PMT as compared to MT. 

Overall, the two components of RT 
were uncorrelated within Ss. How- 
ever, there were individual differences 
in this regard. Five of the 28 coeffi- 
cients of correlation between MT and 
PMT were statistically significant, 
but two of the 5 were negative, i.e., 
increased MT was associated with 
decreased PMT. In fact, 13 of 28 
coefficients were negative. The over- 
all mean r was .16, and not statis- 
tically significant (p > .05). 

The 28 coefficients of correlation 
between MT and RT ranged from 
—.05 to .77, with 8 of them being 
significant at the .05 level, and 7 at 
the .01 level. The mean r (by 2’ 
transformation) was .34, p < .05. 
The range of the 28 coefficients of 
correlation between PMT and RT 
was .80 to .99, with 21 of the coeffi- 
cients being above .90. The mean r 
(by z' transformation) was .95, and 
highly statistically significant, p < .01. 


DISCUSSION 


Anticipatory set is manipulated ex- 
perimentally by variation both of PI 
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duration and of the context of the PI (of 
which regularity and irregularity of series 
is the most common). It is clear, there- 
fore, that the value of an investigation 
to determine the “locus” of set rests, in 
part, upon the choice and extensity of 
these experimental variables. Weiss’ 
study (1965), upon which the present 
one was based, was understandably 
limited in the extensity of the variables 
which relate to set. His data included 
the analysis of RT, not only in relation 
to set, but in relation to shock motiva- 
tion, and age of S. His RT data were 
based on PIs of the limited range, 1, 2, 3, 
and 4 sec. of only an irregular series. 

It was considered important in the 
present study to extend the range of PI 
duration from 0.5 to 15.0 in both regular 
and irregular series. The reason for this 
was seen in the data of a previous study 
(Botwinick & Brinley, 1962). In that 
study, a PI of 0.5 sec. played a different 
role in RT set than other, longer PIs in 
the series. In addition, the regular and 
irregular series appeared to require dif- 
ferent RT sets or different RT abilities 
with this same short PI of 0.5 sec. 

The uniqueness of RT with long PIs 
of 6.0 and 15.0 sec. was not demonstrated 
(Botwinick & Brinley, 1962). However, 
the PI range was extended to these dura- 
tions in the present study because 6.0- 
and 15.0-sec. PIs tend to make for very 
slow RTs and, therefore, presumably, 
poor sets. The RTs with 15.0-sec. PIs 
are of similar slowness both in the regular 
and in the irregular series, although RTs 
with shorter PIs are very different in the 
two types of series. 

The conclusion in this study that RT 
is comprised of two components, one 
related to PI and one not, describes 
remarkably well the data of a very 
recent study by Hohle (1965). Hohle 
performed a mathematical analysis of 
two assumed components of RT, one 
distributed normally, and one distributed 
exponentially. He found the former RT 
component to be in functional relation to 
PI, and not the latter. Hohle did not 
label his components, but, instead, was 
content to conclude that variation in RT 


was due to variation in the normally 
distributed component. This component 
and the premotor one of the present 
study seem to bear close conceptual 
resemblance. 

It was very clear in the present data 
that the premotor component of RT, 
and RT itself were measures of the same 
aspect of the set phenomenon and what- 
ever else was involved. The correlations 
between these two measures were so 
high, that prediction of one from the 
other, either between or within Ss, may 
be made with very little error. It was 
also clear that the two components of 
RT were unrelated, and that the motor 
component did not have any appreciable 
relation to PI. 

Davis (1940) argued for the impor- 
tance of peripheral contributions to RT. 
set. He found higher amplitudes of 
muscle action potentials during PIs when 
RTs were quicker. Weiss (1965) sug- 
gested that since MT did not vary with 
PI while RT did, Davis' higher ampli- 
tudes may have been reflections of an 
increased central state of set. This 
consideration, plus the fact that PMT 
and RT shared so much of the common 
variance in the present study, indicate 
that set is a function of premotoric proc- 
esses, rather than motoric ones. 

There is still a distinction to be made 
in “locus” between premotoric and 
central processes. Premotoric includes 
peripheral sensory phenomena such as 
receptor organs and afferent pathways. 
While it does not appear to be likely that 
the "locus" of set is in the precentral 
periphery, it must be ruled out by experi- 
ment, not by assumption, nor by what 
seems to be a logical inference. For 
example, RT depends upon stimulus 
intensity such that RT is long when the 
stimulus is weak (Woodworth & Schlos- 
berg, 1954, p. 16-27). Is it possible that 
set and attention variables underlie this 
relation, and that the periphery may be a 
partial explanation or antecedent of these 
states? The most precise and conserva- 
tive conclusion at this time may be that 
RT set is a premotoric process, and 
probably a central one. 
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VISUAL REACTION TIME AND THE HUMAN ALPHA 
RHYTHM: THE EFFECTS OF STIMULUS 
LUMINANCE, AREA, AND DURATION ! 


DANIEL N. ROBINSON ? 


Queens College of the City University of New York and Electronics 
Research Laboratories, Columbia. University 


Human Ss in a visual reaction-time experiment responded to stimuli 
of systematically varied luminance, area, and duration. Reaction 
time, EEG alpha blocking latency, and alpha blocking duration were 
recorded and measured. The major findings were: (a) Over a range of 
luminances (0.65-10.0 mL.) and exposure durations (10-200 msec.) 
constant I X t products result constant blocking latencies; i.e., Bloch's 
law. (b) Constant products of I X A (Ricco's law) do not lead to con- 
stant blocking latencies beyond areas of 1°. (c) Reaction time de- 
creases with increased luminance or area under equal-energy conditions 
and is independent of duration over the range of temployed. (d) Block- 
ing duration increases with stimulus duration but is unaffected by 
luminance. (e) Correlations between reaction time and properties of 
the alpha rhythm are determined, in large part, by stimulus variables. 


For stimuli subtending small (19-19) 
visual angles and lasting approxi- 
mately 100 msec., the visual threshold 
is dependent solely upon total energy 
and is independent of the areal, in- 
tensive, and temporal characteristics 
of the flash. The constant visual 
effects produced by constant products 
of intensity X duration (I X t) and 
intensity X area (I X A) are implicit 
in the well-known laws of Bloch and 
Ricco, respectively. For larger extra- 
foveal stimuli and those of longer 
durations, the relationships are re- 
ciprocal in V7 (Pieron’s law) and NA 
(Piper'slaw). Empirical confirmation 
of these relationships is found in 
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studies of brightness discrimination 
(Graham & Kemp, 1938), visual 
acuity (Graham & Cook, 1937), 
threshold detection (Graham, Brown, 
& Mote, 1939), infrahuman (Limulus) 
optic fiber discharges (Hartline, 1934), 
and human electroretinographic re- 
cords (Johnson & Bartlett, 1956). To 
this extent, these reciprocal relation- 
ships and the ranges over which they 
persist appear to describe funda- 
mental properties of visual informa- 
tion processing. Assuch, they provide 
a meaningful context for studies of the 
cerebral alpha rhythm (50-100 pv., 
8-13 cps) which, since Berger's pio- 
neering studies, has received consider- 
able attention within the context of 
visual function. Emphasis upon vis- 
ual aspects derives Principally from 
(a) the relative ineffectiveness of non- 
photic stimuli in altering the alpha 
rhythm (Berger, 1929), (b) the non- 
habituating nature of the alpha re- 
sponse to light (Adrian & Matthews, 
1934), and (c) reported relations be- 
tween properties of the alpha response 
and parameters of the visual stimulus 
(Cruikshank, 1937). Despite experi- 
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mental support of a vision-specific 
interpretation of alpha function, other 
research suggests diffuse or multi- 
sensory functions of the alpha rhythm 
primarily because of observed correla- 
tions with attitudinal, intellectual, 
and emotional variables (Ellingson, 
1956). 

Two studies in the reviewed litera- 
ture are addressed directly to human 
alpha rhythm variations in response 
to flashes of controlled intensity and 
duration (Cruikshank, 1937; Jasper & 
Cruikshank, 1936). Neither study 
investigated areal effects but, to 
control for them, diffuse light was 
employed. This may well have re- 
duced the temporal range of reci- 
procity far below the shortest dura- 
tions (5 msec.) employed as can be 
inferred from studies of It reciprocity 
as a function of area (Graham & 
Margaria, 1935). 

The present experiment was under- 
taken, therefore, to determine the 
extent to which well-established per- 
ipheral relationships in visual in- 
formation processing are manifested 
in variations in the human alpha 
rhythm. Specifically, the research 
concerns the "blocking" (amplitude 
reduction and frequency increment) 
of the alpha rhythm following visual 
stimulation and the temporal prop- 
erties (latency and duration) of block- 
ing produced by flashes of different 
I, t, and A. 

In addition to the foregoing, the 
present research incorporates reaction 
time as a response indicator because 
several studies have sought correla- 
tions between RT and certain aspects 
of the alpha rhythm (Callaway, 1961; 
Lansing, 1957; Stamm, 1952; Walsh, 
1952). 


METHOD 


Subjects.—Two Ss (W.W. and S.S.), one 
male, one female, were selected on the basis 


of strong and reliable EEG activity. The 
male was a 20-yr.-old college sophomore and 
the female, a 24-yr.-old graduate student. 

Apparatus.—lhe stimulus source and 
duration controls were essentially those used 
by Raab, Fehrer, and Hershenson (1961). 
Light was provided by a Sylvania R-1131C 
glow tube placed behind a 1-cm. aperture 
covered with an opal diffusing plate and 
mounted in a light-tight chamber. The tube 
was placed in series with the plate circuit of a 
6L6 with a 45-v. battery used to bias the pen- 
tode below cut-off. A Tektronix Model-160 
waveform generator and Tektronix 225-v. 
power supply were used to shape the pulses 
and control their widths to provide flash dura- 
tions of 10, 20, 40, 50, 100, and 200 msec. 
Luminance was controlled with Wratten filters 
and covered a range from 10.0 mL. at the 
viewing pupil to 1.2 log units below this in 0.3 
log-unit steps. With this source, a collimated 
beam of light was presented by (a) collecting 
the output flash with an achromatic condens- 
ing lens (Edmund Scientific No. 6360) of 
55-mm. focal length and (5) passing the point- 
focused light through a wide-angle Erfle eye- 
piece consisting of three coated achromatic 
lenses yielding a 32-mm. focal length (Ed- 
mund Scientific No. 5160). The collimated 
output illuminated a circular aperture of 4- 
mm. diameter placed 18 in. from S's view, 
hence subtending a visual angle of 30’. A dim 
red fixation patch consisting of a tinted and 
masked flash light was positioned 2.2 in. to 
the left of the aperture relative to S. With 
the red patch (of about 6.5° angular subtense) 
fixated, source light would fall at a 7° temporal 
eccentricity on the left eye where relative cone 
and rod concentrations are about equal and 
directional sensitivity slight (Pirenne, 1962a, 
1962b; pp. 16 and 31, respectively). The left 
eye viewed through an artificial pupil of 2- 
mm. diameter mounted in an aluminum hood 
sprayed with flat black photographic paint. 
Stray light from any point in the optical path 
was thereby screened from S's view. The 
right eye was masked. 

EEG apparatus.—An Offner six-channel 
electroencephalograph with associated pre- 
amplifiers and amplifiers sensed EEG signals 
and drove two pens of an Offner Dynograph 
six-pen ink recorder. Surface electrodes 
consisted of hand-made solder disc of 1-cm. 
diameter. Micro-ohm electrode jelly was 
used to lower scalp resistance and Bentonite 
paste served as the conductive medium at the 
scalp-electrode interface. Two electrodes 
were secured to the occipital protuberance 
with gauze and collodion solution and were 
placed about 5 cm. apart. Preliminary efforts 
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Fic. 1. Main effects of flash duration upon (a) blocking latency, (b) reaction time, and (c) blocking duration 
for the two Ss. (Each point is the mean of 125 trials.) 
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indicated these to be preferred placements. 
An ear electrode was used for ground. All 
recordings were bipolar, measuring the po- 
tential differences between disparate loci 
across the occiput. Efforts to secure motor 
alpha variations were unsuccessful, presum- 
ably because of their low amplitude (usually 
less than 10 uv.; Bates, 1951). 

The RT key employed required a rather 
large displacement such that a constant 120 
msec. was subtracted from obtained reaction 
times, This constant corresponded to the 
difference between RTs observed in pilot 
research using a small displacement key and 
those observed using the different response 
key in the present experiment. 

Procedure.—Six durations and five lumi- 
nances provided 30 combinations of I X t. 
Each S was given 25 trials for each of these 
combinations and an additional 25 trials at 
each of two other values of stimulus area. 
Trials were distributed over three sessions. 
At a given luminance, ¢ was varied randomly 
(random-number table)'from trial to trial. 
After each block of 50 trials, S was given 2-3 
min. rest, Stimuli were presented at variable 
intervals from 5 to 20 sec. Consequently, 
each session lasted about 2 hr. and 30 min. 
The Ss were dark adapted for about 10 min. 
prior to testing and 10 practice trials were 
given at the lowest energy before each 
session. 

The conditions employed were as follows: 

1. Durations: 10, 20, 40, 50, 100, and 200 
msec, 

2. Luminances: 10, 5, 2.5, 1.25, and 0.625 
mL. 

3. Areas: (a) 0.5? under each of the fore- 
going 30 conditions. (b) 1° for 25 trials under 
the 5.0-mL. conditions (t = 20 msec.). (c) 4° 
for 25 trials under the 1.25-mL. condition 
(t = 20 msec). 


RESULTS AND DISCUSSION 


The results of the second experi- 
ment are discussed below. The 
statistical reliability of the findings 
was based upon Wilcoxon Critical 
Differences analyses (Wilcoxon, 1949). 


Effects of Stimulus Duration 


Alpha blocking latency.—Increasing 
stimulus duration resulted in a de- 
crease in the latency of blocking. The 
relationship was observed at all lumi- 
nance levels. Both Ss showed re- 


ductions in blocking latency as dura- 
tion was increased. For one S (S.S.), 
mean latencies were significantly 
shorter at ¢ = 200 msec. (p < .01) 
and ¢ = 200 msec. (p < .05) than at 
t 2msec. For the second S (W.W.), 
the same significance levels were ob- 
served except at ¢ = 10 vs. £ = 200 
where differences were significant be- 
yond p = .01. 

Reaction time.—The effects of stim- 
ulus duration upon reaction time were 
unsystematic. For one S (S.S.), mean 
reaction times were lower at the high- 
est durations than they were at the 
lowest durations. However, no sys- 
tematic and significant reductions 
were observed as a function of stim- 
ulus duration, The results of a 
Wilcoxon Critical Differences analysis 
of this S’s data indicated that RT 
means at / = 50 and ¢ = 200 were 
significantly shorter (p < .05) than at 
t = 10. For the second S (W.W.), a 
similar analysis of reaction-time data 
did not show any significant varia- 
tions. Reaction time for S.S. appears 
to shorten systematically at the lowest 
luminance from ¢= 10 to ¢ 50. 
This is the only point at which this 
occurred. 

Alpha blocking duration.—Incre- 
ments in blocking duration resulted 
from increases in stimulus duration for 
both Ss. 

Main effects.—The main effects of 
stimulus duration (averaged across 
all luminances) upon the three de- 
pendent variables are shown in Fig. 1. 


Effects of Flash Luminance 


Blocking latency.—Both Ss showed 
statistically significant reductions in 
mean blocking latencies as flash 
luminances were increased. For S.S. 
latencies were significantly longer at 
I= 2.5 mL. ( < .05) and I = 1.25 
mL. (p « .01) than at J = 10.0 mL. 
For W.W., latencies were significantly 
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longer at J — 2.5 mL. (p « .05), 
I = 1.25 mL. (p < .05), and J = 0.63 
mL. (p « .01) than at J = 10.0 mL. 
and also significantly longer at I 
= 0.63 mL. (p < .05) than at J = 5.0 
mL. 

Reaction time.—lhe results of a 
Wilcoxon Critical Differences analysis 
of the relationship between luminance 
and mean reaction time were statis- 
tically significant for both Ss. Differ- 
ences were significant beyond p = .05 
between 3 of the 10 comparisons and 
significant beyond p = .01 between 
the most disparate pair of luminances 
(10.0 mL. vs. 0.63 mL.). 

Blocking duration.—Obtained rela- 
tionships between blocking duration 
and flash luminance were unsys- 
tematic for both Ss and nonsignificant 
for one S over all luminances. One 
S (S.S. demonstrated significantly 
longer mean blocking durations at the 
highest luminance than at the lowest 
(p < .01) or next lowest (p < .05). 
The other S (W.W.) reflected no sig- 
nificant variation in blocking duration. 

Main effecis.— The main effects of 
flash luminance are presented in Fig. 
2. The figure contains (a) blocking 
latency, (b) reaction time, and (c) 
blocking-duration measures averaged 
across all durations. Alpha blocking 
latencies and reaction times decrease 
systematically with increased lumi- 
nance. Blocking durations were not 
systematically affected by variations 
in luminance. 


Areal Effects 


Figure 3 presents the main effects 
of area variations upon (a) blocking 
latency, (b) reaction time, and (c) 
blocking duration for the two Ss. As 
can be seen, mean blocking latencies 
are longest at the smallest (0.5?) area 
at which luminance is greatest. For 
one S (W.W.), mean reaction time is 
initially reduced from 0.5? to 1.0? and 


tends to increase at A = 4.0? (lowest 
intensity). The other S (S.S.) shows 
the same reduction from A = 0.5? 
to A = 1.0? and no significant change 
beyond that. Reaction time for both 
Ss increases monotonically with de- 
creasing area. Mean blocking dura- 
tions are longest at the largest area 
and decrease at successively smaller 
areas. Areal effects were not great. 
For W.W., blocking latencies showed 
a 5% change, reaction times a 4% 
change, and blocking durations a 30% 
change (far less than the effects of 
stimulus duration). For S. S., block- 
ing latencies showed a 22% change, 
reaction times a 12% change, and 
blocking durations a 30% change. 


Energy Relations and Alpha Latency 


The five intensities and six dura- 
tions employed in the second experi- 
ment provided 30 J X ¢ energy prod- 
ucts, a number of which overlapped 
with others. Figures 4 (S W.W.) and 
5 (S S.S.) are plots of mean blocking 
latencies as a function of log I X! 
with durations presented parametric- 
ally. For W.W., there is one point 
(I X t = 2.3) at which latency differ- 
ences are as large as 30% of the entire 
range of variation. For this S, no 
other pair of latency measures at a 
common J X T product differs by 
more than 10%. The same is true of 
S.S.s data in Fig. 5. It should be 
noted in both figures, however, that 
strict Iż reciprocity would result in a 
family of functions converging at some 
particular value of /; i.e., at the critical 
duration beyond which J alone deter- 
mines the visual effect. 

These findings are relevant to certain 
current questions concerning visual in- 
formation processing. 


Effects of Energy 


Consistent with Raab and Fehrer 
(1962), RT was found to be luminance 
dependent and thus probably based upon 
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events which occur early in the central 
response to light. The length of dura- 
tions over which intensity and time 
function reciprocally in affecting both 
EEG and verbal responses to stimuli is 
long relative to that involved in reaction 
time. Cruikshank (1937) reported I X t 
reciprocity for values of ¢ as long as 640 
msec. Reciprocity was observed in the 
present experiment at the longest ¢ em- 
ployed (200 msec.). Psychophysical de- 
terminations indicate reciprocity up to 
about 100 msec. (Graham & Margaria, 
1935). It is tenable, therefore, that the 
mechanisms involved in the judgment 
of brightness are bypassed when RT is 
the dependent variable. This is sug- 
gested by the fact that judgments reflect 
the outcome of temporal summation 
while reaction time does not. Neuro- 
physiological support for this view is 
provided by Wall, Remond, and Dobson 
(1953) who demonstrate the potentiation 
of motor cortex excitability by photic 
stimuli with that effect unchanged by 
occipital lobectomy. However, lesion of 
pretectal (ventrolateral geniculate nu- 
clei) area abolished the effect. The 
authors conclude that, “. . . neither of 
the two main visual projection systems 
is responsible for the facilitory effect of 
visual afferent volleys on the motor 
cortex [p. 393." 

"Therefore, in terms of energy relations 
between EEG and motor latencies, it is 
suggested that different functions are 
being reflected by the respective de- 
pendent variables. Reaction time is the 
outcome of a sequence of events with 
short time constants, presumably from 
retina to lateral geniculate nucleus to 
occipital cortex to motor cortex. Fur- 
ther, it would appear that motor cortex 
is "readied" by those geniculo-cortical 
impulses which are initiated by retino- 
geniculate inputs. Once excited, the 
motor cortex initiates movement with 
the arrival of the first impulse(s) from 
occipital cortex (via the subcortical 
areas). The sequence may be different 
and is certainly more prolonged in the 
judgmental setting. Speculatively, the 
observed afteractivity may constitute a 
redistribution of previously synchronized 


(10 per sec.) neuronal activity into new 
and different frequencies, each of which 
(or each combination of which) carries 
information regarding separate param- 
eters of the stimulus (intensity, duration, 
area, wavelength, etc.). Reaction time 
is over long before the blocked alpha 
rhythm recovers and, presumably, what- 
ever information is carried by the dura- 
tion of the blocked alpha would not 
appear in the RT data. 


Effects of Area 


Bartley (1935, 1936) has investigated 
areal effects upon the latency of the cor- 
tical evoked potential in rabbits. He has 
shown that latency is reduced by areal 
increases up to about 20° visual angle 
and interprets the finding as suggestive 
of a cortical analog of peripheral spatial 
summation. In the present experiment, 
the reduction in both blocking latency 
and reaction time with increases in 
stimulus area may also reflect central 
visual and motor correlates of areal sum- 
mation at the periphery. 

In this connection it is of relevance to 
reconsider possible processes involved in 
the initiation and maintenance of the 
blocking pattern. That blocking is not 
initiated simply by the retinal “on” 
response is clear from the data of the 
present experiment. The b-wave la- 
tency, asserted to reflect retinal “on” 
activity (Johnson & Bartlett, 1956) does 
not depend upon total energy but upon 
flash luminance. Alpha blocking latency 
does depend upon total energy. It is 
reported that the b-wave amplitude is 
proportional to I X £ products (Johnson 
& Bartlett, 1956) and the present data 
would suggest that the blocking latency 
is a consequence of response amplitude 
at the periphery; i.e., a frequency repre- 
sentation of amplitude. It is tenable 
that the activated peripheral units lead 
to an interruption of the periodic alpha 
and that the delay is proportional to the 
number of impulses impinging upon the 
cortical region. To this extent, it would 
not matter whether the number of im- 
pulses were achieved by varying the 
intensity, the duration, or the area of the 
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exteroceptive stimulus. The reciprocity 
of I and t in the determination of block- 
ing latency supports this position as does 
the effect of increased area. 
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INFORMATION AND INCENTIVE VALUE OF THE 


REINFORCING STIMULUS IN VERBAL 
CONDITIONING ! 


CHARLES D. SPIELBERGER, IRA H. BERNSTEIN; anp RICHARD G. RATLIFF 


Vanderbilt University 


Motivation to receive reinforcement was induced during verbal con- 
ditioning in 24 undergraduate students. Ss were instructed to say 
words, and were reinforced with '*Mmm-hmm" for each human noun 
response. Aftera period of reinforcement, Ss were told to try to make E 
say "Mmm-hmm." Prior to this instruction, only aware Ss showed 
performance gains, and these 1st occurred on the word block on which 
Ss recorded a correct response-reinforcement contingency. The in- 
centive-inducing instruction influenced Ss who were aware of a correct 
contingency to give more human nouns. lt also served to induce both 
awareness and performance increments in some Ss. Although this 
instruction heightened the motivation to receive reinforcement of 
unaware Ss, it had no effect on their conditioning performance. The 
findings suggested that performance gains in verbal conditioning are 
mediated by cognitive processes, and that the reinforcing stimulus 


has both information and incentive value. 


The results of verbal operant-con- 
ditioning studies have been inter- 
preted as demonstrating that verbal 
behavior may be modified without S’s 
knowledge, i.e., that learning takes 
place without awareness in verbal 
conditioning (Greenspoon, 1962; Sal- 
zinger, 1959). The findings of recent 
experiments, however, have chal- 
lenged this interpretation and have 
suggested, instead, that performance 
gains in verbal conditioning are medi- 
ated by cognitive processes (Dulany, 


1 This research was supported in part by 
grants to the first author from the National 
Institute of Mental Health (MH 7446) and 
Child Health and Human Development (HD 
947), and by National Institute of Mental 
Health Predoctoral Fellowships (MPM 17,939 
and MH 21,051) held by the second and third 
authors, respectively. We are indebted to 
L. D. DeNike and Anne Dennison for serving 
as judges in this experiment, and to D. L. 
Thistlethwaite for his critical comments on 
the manuscript. A paper based on the data 
of this investigation was presented at the 
Midwestern Psychological Association, St. 
Louis, 1964. 


* Now at Arlington State College, Arling- 
ton, Texas. 


1962; Levin, 1961; Spielberger, 1962). 
In order to differentiate between these 
alternative theoretical interpretations 
of verbal-conditioning phenomena, 
DeNike (1964) investigated the tem- 
poral relationship between the devel- 
opment of awareness and the onset of 
performance gains. He instructed Ss 
to say words and reinforced each 
human noun response with "Mmm- 
hmm." After each block of 25 words 
Ss were required to record their 
"thoughts about the experiment." 
DeNike found that only Ss who re- 
corded a correct response-reinforce- 
ment contingency showed perform- 
ance gains, and that increments in 
performance first occurred on the 
word block on which the contingency 
was initially recorded. 

Although it was possible in De- 
Nike's study for Ss who recorded a 
correct contingency to give 25 human 
noun responses on each postawareness 
word block, the mean number of such 
responses given by these Ss never 
exceeded 8. Interview data obtained 

26 


— ——Ó— 


REINFORCER CHARACTER IN VERBAL CONDITIONING 27 


after the conclusion of the condition- 
ing task revealed a number of aware 
Ss for whom the reinforcing stimulus 
had little or no incentive value, and 
these unmotivated Ss failed to show 
performance gains (DeNike, 1963). 
The aims of the present study were 
to induce, during conditioning, a 
uniformly high level of motivation to 
receive reinforcement, and to evaluate 
the influence of this induced motiva- 
tion on Ss performance on a verbal- 
conditioning task. 


METHOD 


Subjects. —The Ss were 24 female under- 
graduates enrolled in the introductory psy- 
chology course at Vanderbilt University. 
None of the Ss were previously known to Es 
and none professed any prior knowledge of 
the experiment. 

Procedure,—Except for the manipulation 
of the incentive value of the reinforcing 
stimulus, the conditioning task and interview- 
ing procedures were essentially the same as 
those described by DeNike (1964). The Ss 
were instructed to say words and, after each 
block of 23 responses, to write down their 
“thoughts about the experiment” on a 
recording sheet in numbered spaces corre- 
sponding to each word block. For all Ss 
there were 2 nonreinforced (operant) blocks, 
followed by 10 reinforced blocks in which each 
human noun response was reinforced with 
“Mmm-hmm.” After S recorded her thoughts 
for the seventh reinforced word block, E said: 
“As you may have noted, there is a rule under 
which I say *Mmm-hmm.' Try to act on that 
rule so as to make me say ‘Mmm-hmm’ as 
often as you can," The S was then instructed 
to resume saying words, and the final three 
word blocks (8 through 10) were identical in 
all respects to the preceding reinforced 
blocks, 

It was assumed that the instruction to act 
on the rule would increase the incentive value 
of the reinforcing stimulus. In order to check 
the effectiveness of this incentive manipula- 
tion, each S was interviewed immediately 
after conditioning by a second E who had no 
knowledge of her performance. The Ss were 
asked how much they had wanted E to say 
“Mmm-hmm” when they first noticed that 
he was saying it, and how much they wanted 
him to say “Mmm-hmm” afterjthey were 
instructed to try to make him say it. After 


S responded to each open-ended question, 
she was then required to choose from among 
three alternatives ("Very much"—''Some"— 
“Didn’t care one way or the other") the one 
which best described the intensity of her 
desire to receive reinforcement at the time 
specified. Similarly, Ss were asked how hard 
they had tried to make E say "Mmm-hmm" 
when they first noticed he was saying it and 
after they were instructed to try to make him 
say it. The interview was also designed to 
provide additional data on Ss’ awareness of a 
correct contingency. All interview responses 
were recorded verbatim, 


RESULTS 


Ratings of awareness.—The prin- 
cipal indexes of awareness in this 
study were the "thoughts about the 
experiment" (notes) recorded by each 
S during conditioning. These notes 
were submitted to two judges who had 
no contact with Ss, nor any knowledge 
of their conditioning performance. 
The judges were instructed to rate an 
S aware if she recorded a response- 
reinforcement contingency which, if 
acted upon consistently, would yield 
essentially 100% reinforcement. For 
example, an S was rated aware if she 
indicated in her notes that "Mmm- 
hmm,” encouragement, or approval 
followed words related to people or to 
other response classes judged to 
be perfectly correlated with human 
nouns, e.g., proper names, occupa- 
tions. The judges agreed perfectly in 
classifying 15 Ss aware, and 9 un- 
aware. Of the aware Ss, 8 were 
judged to have first recorded a correct 
contingency prior to the incentive- 
inducing instruction, and 7 were 
judged to have done so subsequent to 
this instruction. These Ss were 
respectively designated the Aware- 
Pre and Aware-Post groups. The Ss 
who, according to the judges, failed 
to record a correct contingency in 
their notes were designated the Un- 
aware group. 
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Fic.1. Mean percentages of human noun 
responses given by the Aware-Pre, Aware- 
Post, and Unaware groups during the operant 
word blocks and the reinforced word blocks 
prior to the incentive-inducing instruction. 


The relationship between awareness 
and conditioning prior to the incen- 
tive-inducing instruction—The mean 
percentages of human noun responses 
given by the Aware-Pre, Aware-Post, 
and Unaware groups during the 
operant blocks was 7.89, 9.63, and 
6.76, respectively. An analysis of 
variance indicated that the three 
groups did not differ significantly in 
the operant blocks (see Fig. 1). The 
conditioning data were then analyzed 
to determine whether the three groups 
differed in the reinforced word blocks 
preceding the incentive-inducing in- 
struction. For this analysis, the con- 
ditioning data of the Aware-Pre group 
were arrayed so that the word blocks 
on which each S first recorded a cor- 
rect contingency in her notes were 
aligned, and these blocks were arbi- 
trarily designated Block 4. The data 
for the reinforced word blocks prior 
to and subsequent to Block 4 were 
then separately Vincentized according 
to the procedure described by DeNike 
(1964). 
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The Vincentized performance curve! 
of the Aware-Pre group is compared 
in Fig. 1 with the conditioning curves 
of the Aware-Post and Unaware 
groups. Statistical analyses of these 
data confirmed the following facts 
which may be observed in Fig. 1: 
(a) During the first three reinforced 
word blocks (Blocks 1-3), the curve 
for the Aware-Pre group was es- 
sentially flat and similar to the per- 
formance curves of the Aware-Post 
and Unaware groups. An anova for 
these preawareness blocks, in which 
Groups was the between-Ss variable 
and Word Blocks the within-Ss vari- 
able, yielded no statistically signifi- 
canteffects. (b) The mean percentage 
of human nouns given by the Aware- 
Pre group was significantly greater on 
Block 4 than on Block 3, £ (6) = 3.16, 
p < .02, whereas neither the Aware- 
Post nor the Unaware group differed 
on these blocks. (c) The Aware-Pre 
group gave significantly more human 
noun responses than the Aware-Post 
and Unaware groups on Blocks 5-7, 
F(2,20) = 10.66, p < .001. Thus, 
for Blocks 1-7, the findings of the 
Present study were highly consistent 
with those obtained by DeNike 
(1964). Only Ss in the Aware-Pre 
group showed performance gains, and 
these first occurred on the word block 
on which each S in this group first 
recorded a correct contingency. 

Although it was theoretically pos- 
sible for each S in the Aware-Pre 
group to give 100% human noun 
responses on Blocks 5-7, it may be 
observed in Fig. 1 that the number of 


*One S in the Aware-Pre group first 
recorded a correct contingency on Block 1 
and had to be eliminated from this analysis 
because she had no postawareness condition- 
ing data. The seven Ss whose conditioning 
data were Vincentized recorded a correct 
contingency on the reinforced word blocks as 
follows: 1 on Block 2; 2 on Block 3; 1 on 
Block 4; 2 on Block 5; and 1 on Block 6. 
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human nouns given by this group 
never exceeded 40% in the reinforced 
blocks preceding the incentive-induc- 
ing instruction. The effects of the 
instruction on Ss’ motivation to 
receive reinforcement and on condi- 
tioning are examined below. 

The effects of the incentive-inducing 
instruction.—Data obtained in the 
postconditioning interview indicated 
that the instruction to make E say 
"Mmm-hmm" increased the incentive 
value of the reinforcing stimulus. 
Whereas only 4 of 24 Ss indicated that 
they "Very much" wanted E to say 
"Mmm-hmm" prior to the instruc- 
tion, 17 reported that they “Very 
much” wanted him to say it sub- 
sequent to this instruction. Further- 
more, whereas 17 Ss reported that 
they “did not try" to make E say 
"Mmm-hmm" prior to the instruc- 
tion, 20 reported that they tried “very 
hard" to get E to say it after the 
instruction. The shift in the incentive 
value of the reinforcing stimulus, as 
inferred from Ss’ interview responses, 
was unrelated to awareness. 

The effect of the incentive manip- 
ulation on the performance of the 
Aware-Pre, Aware-Post, and Unaware 
groups is indicated in Fig. 2. When 
the hypothesis that each of the three 
groups gave more human nouns in the 
postinstruction blocks (Blocks 8-10) 
than they had given during the pre- 
instruction blocks (Blocks 5-7) was 
evaluated, the / values obtained for the 
Aware-Pre, Aware-Post, and Unaware 
groups were 6.50 (p <.001), 4.86 
(p < .001), and 1.84 (p < .10), respec- 
tively. These findings, when considered 
along with the data presented in Fig. 
2, indicated that the Aware-Pre and 
Aware-Post groups gave more human 
noun responses subsequent to the 
incentive-inducing instruction, and 
that there was also a tendency for the 
Unaware group to do so, An anova 
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F:G.2. Mean percentages of human noun 
responses given by the Aware-Pre, Aware- 
Post, and Unaware groups on the word blocks 
immediately before and after the incentive- 
inducing instruction. 


for the postinstruction word blocks 
yielded only a significant main effect 
of Groups, F (2, 21) = 12.44, p < .001, 
indicating that the three groups dif- 
fered in the total number of human 
nouns given subsequent to the in- 
centive-inducing instruction. 

The marked increase in the number 
of human nouns given by the Aware- 
Pre group on Block 8 was consistent 
with the hypothesis that the incentive- 
inducing instruction increased the 
motivation of these Ss to respond to 
the reinforcement, and that their 
awareness of a correct contingency 
permitted them immediately to give 
more human nouns. The increased 
output of the Aware-Post group on 
Block 8 appeared to reflect both in- 
duced awareness and increased moti- 
vation to respond to reinforcement. 
Six of the seven Ss in this group 
recorded correct contingencies in their 
notes on Block 8. The slight rise in 
the performance curve for the Un- 
aware group introduces the possibility 
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Fic. 3. Mean percentages of human noun 
responses given during the word blocks 
subsequent to the incentive-inducing in- 
struction by Ss judged unaware on the basis 
of their notes but aware on the basis of their 
interview responses, and by Ss judged un- 
aware on the basis of both their notes and 
their interview responses. 


that these Ss conditioned without 
awareness. Since it was also possible 
that some of them became aware of a 
correct contingency during the last 
few word blocks and failed to record 
this in their notes, the post condition- 
ing interview protocols of these Ss 
were examined by two judges who had 
no prior contact with them, nor any 
knowledge of their performance on the 
conditioning task. The judges agreed 
perfectly in rating four of these Ss 
aware, and five unaware, according to 
the same criteria which were used for 
rating awareness from Ss’ notes. Of 
the Ss rated aware, three indicated, 
in the interview, that they did not 
become aware until Block 10, the 
final word block, and two of these Ss 
spontaneously reported that they did 
not record their hypotheses in their 
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notes because they were not sure that 
they were correct. 

The performance of Ss judged un- 
aware on the basis of their notes but 
aware on the basis of their interview 
responses (Aware-Int. group) is com- 
pared in Fig. 3 with the performance 
of Ss rated unaware on the basis of 
both their notes and their interview 
responses (Unaware-Int. group). For 
the reinforced blocks subsequent to 
the incentive-inducing instruction, the 
output of human nouns for the Un- 
aware-Int. group was relatively flat 
and at about the same level as during 
the operant blocks, whereas the con- 
ditioning curve for the Aware-Int. 
group increased substantially in these 
postinstruction blocks. And, despite 
the small N, the anova for these data 
yielded a significant Groups X Word 
Blocks interaction, F (2,14) — 7.38, 
p < .01. These findings suggest that 
the procedure of having Ss record 
their "thoughts about the experi- 
ment" during conditioning provided 
a conservative measure of awareness 
in that several Ss who apparently be- 
came aware of a correct contingency 
in the last few word blocks were 
reluctant to record their hypotheses 
until they had sufficient opportunity 
for testing them. 


Discussion 


Prior to the incentive-inducing in- 
struction, only Ss who recorded a correct 
contingency in their notes showed per- 
formance gains, and the inception of such 
gains corresponded with the word block 
on which these Ss first recorded the 
contingency. These findings confirm the 
results reported by DeNike (1964) and 
support the hypothesis that a cognitive 
learning process mediates performance 
gains in verbal conditioning, i.e., ‘‘aware- 
ness of a correct contingency" is "what 
is learned” in verbal conditioning (Spiel- 
berger, 1962, 1965). Learning theories 
which posit the automatic strengthening 
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of response by reinforcement would not 
explain the absence of performance gains 
for unaware Ss in the present study, nor 
the absence of performance gains for 
aware Ss on preawareness word blocks. 
The latter finding would also be difficult 
to account for by a modified theory of 
automatic strengthening which posits 
that the “verbalization of a principle may 
be considered at the same time a result of 
past improvement and a condition of 
further improvement [Postman & Sassen- 
rath, 1961, p. 124; italics theirs].” 

On the basis of Ss’ responses to the 
postconditioning interview, the instruc- 
tion to try to make E say "Mmm-hmm" 
appeared to induce greater motivation 
to receive reinforcement. "This instruc- 
tion was immediately effective in pro- 
ducing marked increments in the per- 
formance of Ss who had previously 
recorded correct contingencies in their 
notes, and apparently served both to 
induce awareness of a correct contingency 
and incentive to act on this awareness in 
Ss who, subsequent to the instruction, 
either recorded a contingency in their 
notes or reported one in the interview. 
The Ss who were judged to be unaware 
of a correct contingency, on the basis of 
both their recorded notes and their 
interview responses, failed to show per- 
formance gains irrespective of their 
motivation to receive reinforcement. 
These findings would appear to indicate 
that the reinforcing stimulus in verbal 
conditioning has both information and 
incentive value, and that motivation 
to receive reinforcement influences the 
degree to which Ss who are aware 
of a correct contingency will act on 
their awareness (Spielberger, 1962; Spiel- 
berger, Berger, & Howard, 1963). 
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DETECTION IN METACONTRAST !. 
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This study investigated metacontrast under a variety of stimulus and 
response conditions. The results show that (a) although the 1st 
stimulus in the metacontrast situation appears absent or very much 
darkened at certain intervals between the 1st and 2nd stimulus, it can 
be correctly detected by O employing both RT and forced-choice 
situations. (b) When the luminance of the 1st stimulus is set low 
relative to that of the 2nd stimulus, a monotonic function is obtained for 
both detection errors and choice reaction time (CRT), with maximal 
errors and longest CRTs at the shortest interval between the stimuli. 
(c) When the 2 stimuli are of equal luminance, increasing the rate of 
presentation to a point where the interval between Ist and 2nd stimuli 
within a pair equals the interval between successive pairs, increases the 


apparent brightness of the 1st stimulus. 


When two flashes of light having 
adjacent contours are presented in 
rapid succession, the brightness of the 
first stimulus is greatly reduced. The 
extent of brightness reduction varies 
as a function of the interval between 
the two stimuli (Alpern, 1953; Fry, 
1934). The effect is maximal at in- 
tervals ranging between 50 to 100 
msec. Within this range, given cer- 
tain conditions of presentation, the 
first stimulus will not be reported seen 
(Kolers & Rosner, 1960). This ob- 
servation is often described as a form 
of "suppression. At shorter and 
longer intervals less suppression is 
observed, provided the two stimuli are 
approximately equal in luminance 
(Fehrer & Smith, 1962). 

A number of theories have been 
advanced to account for this phe- 
nomenon which was named metacon- 
trast by Stigler (1910). Some theories 
propose inhibitory functions at rela- 
tively peripheral levels (Alpern, 1953) ; 
others postulate interaction some- 
where along the retinocortical path- 

1 This investigation was supported, in part, 
by a postdoctoral fellowship (5F2 MH—11, 
589-01) to the first author. The authors are 


indebted to Hans-Lukas Teuber for his 
helpful suggestions. 
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ways (Fry, 1934; Piéron, 1935 ; Stigler, 
1913), and some assume interaction at 
the cortex (Baumgardt & Segal, 1942; 
Werner, 1935). 

'Theories invoking retinal mech- 
anisms seem to have been ruled out by 
findings that metacontrast occurs 
dichoptically, i.e. when the two 
stimuli are presented to separate eyes 
(Kolers & Rosner, 1960; Werner, 
1940). 

A recent study reported by Fehrer 
and Raab (1962), also casts doubt on 
a number of other interpretations. 
They showed that reaction time (RT) 
to the first flash was not affected by 
metacontrast suppression. Although 
the flash appeared almost completely 
dark at interstimulus intervals (ISI) 
between 50 to 100 msec., RT was as 
rapid as when the first stimulus was 
clearly visible. These findings sug- 
gest that the first stimulus, although 
presumably not seen, must neverthe- 
less register its presence at some 
sufficiently high level of the nervous 
system for this response to mediate 
RT. 

The aim of the experiments re 
ported here is to further examine the 
metacontrast phenomenon in view of 
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the findings reported by Fehrer and 
Raab (1962). 


EXPERIMENT I 


Since the observations reported by 
Fehrer and Raab (1962) on RT are of 
central importance in considering 
theories of metacontrast, the aim of 
our first experiment was to attempt to 
replicate these findings. The pro- 
cedures were somewhat modified. 
The stimulus display employed by 
Fehrer and Raab consisted of three 
rectangles. The center one flashed 
on first, and was followed by the two 
flanking ones flashing on simultane- 
ously. In order to adequately test hy- 
potheses relating to contour formation 
(Werner, 1935) it is desirable to have 
a condition where the contours of the 
first figure are shared in full by the 
second figure. We therefore employed 
a disk-ring sequence as did Werner 
(1935, 1940). 


Method 


Apparatus.—1. Light sources: The light 
sources were cold-cathode mercury-argon 
lamps coated with magnesium tungstate 
phosphor. A “keep-alive” electrode in these 
lamps assured reliable and accurate firing 
characteristics (Kolers, 1962). The lamps 
were housed in light boxes having a diffusing 
surface made of }-in. milk Plexiglas. The 
light boxes were arranged in a manner shown 
in Fig. 1. The disks and rings had the same 
areas (76 cm). In addition to the red 
fixation light between the two sets of stimuli, 
four stabilizer lights were used as indicated in 
the figure in order to overcome autokinetic 
movement during fixation. 

2. Tachistoscopic programmer: The light 
sources were driven with a Sky instrument 
electronic timer which has a rated accuracy 
of 2.0%. 

3. Reaction-time apparatus: This ap- 
paratus consisted of the following: A Model 
523C Hewlett-Packard electronic counter for 
the measurement of RT; an oscillator, 
amplifier, loudspeaker, and delay-circuit unit 
for the presentation of 1,000-c. warning tone; 
four Model 111C Hunter timers which 
determined (a) the interval between the 


Fic. 1. 
B—side view, as seen by 5; R—light sources 
for rings; D—light sources for disks; f— 
focusing light; h—filter holders; m—half- 
silvered mirrors; s—stabilizer lights. 


Stimulus display: A—top view; 


termination of a trial and the next warning 
tone and (b) the three different intervals 
employed between the offset of the warning 
tone and the onset of the visual stimuli; a 
stepper relay which, advancing with each 
trial, randomized the duration of the interval 
between the warning tone and the onset of 
the visual stimulus; a push-button switch 
operated by S for the RT. 

Procedure—The experiment was carried 
out in two parts. In the first part, the 
relative brightness of the disk in the meta- 
contrast situation was determined. In the 
second part RT measurements were taken. 

For both conditions S was seated 11 ft. 8 
in. from the visual display. A chin rest was 
employed for accurate placement of the head. 
Each session began with a period of dark 
adaptation. The length of this period was 
made to depend on the time it took for S to 
report the four stabilizer lights (see Fig. 1). 
In all cases this occurred between 5 and 10 
min. The luminance of these lights was too 
low to be measured. 

For the first part of the experiment two 
disks always appeared, one to the left and 
one to the right of the fixation point (visual 
angle 5.2°). The disk on the right (test disk) 
was always followed, after various intervals, 
by a ring; the disk on the left (comparison 
disk) always appeared alone. The two disks 
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Fic. 2, Apparent brightness of disk in the 
disk-ring sequence at various ISIs as deter- 
mined by itness comparison, (Lumi- 
nance of test disk and ring constant at 43 ftl. 
"Triangles are data points for PHS and circles 


constant at 43 footlamberts (ftl.). The lumi- 
nance of the comparison disk was varied by 
the use of neutral density filters. On the 
basis of pilot experimentation four luminance 
levels were employed : 43, 4.3, .43, and .04 ftl. 
Luminances were measured with a MacBeth 


160 msec. 
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For the second part of the experiment RT 


43, and .04 ftl.; (b) a 43-ftl. disk followed 
a 43-{tl. ring with the following ISIs: 3, 20, 
60, 100, and 140 msec.; (¢) the ring alone at 
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43 ftl. The duration of the stimuli was the 
same as in Part 1. The stimuli for RT 
always appeared to the left of the fixation 
point. If RT is independent of subjective 
darkening by metacontrast induction, the 
RT scores should be the same at all [Sls 
under Cond. 2. If, however, RT is affected 
by subjective darkening, RT scores should 
lengthen in a manner similar to the expected 
lengthening under Cond. 1. 

The interval between termination of a trial 
and the onset of the warning tone alerting $ 
for the next trial was 15 sec. The interval 
between the warning tone and the onset of the 
visual stimuli was either 2.9, 3.2, or 3,5 st. 
When S pushed the switch for the RT, the 
cycle was automatically restarted. 

Measurements were taken over a period of 
5 days, with 12 measurements for each stim 
ulus condition per day. The lowest aid 
highest RT for each condition was di 
each day as in the experiment reported by 
Fehrer and Raab (1962). 

The two authors served as Ss (PHS and 
MCS). Both were highly trained Os, since 
several weeks had been devoted to obse 
vation of the metacontrast phenomena 
to RT measurements, 


Results 


Brightness comparison.—For each 
luminance level percentages of darker, 
brighter, and equal responses at 
ISI were plotted, in a manner similat 
to that described by Woodworth and 
Schlosberg (1956, p. 214). The mid- 
point of the interval formed by the 
"brighter" and “darker” curves as 
they crossed the 50% line was take? 
as the point of subjective eq 
(PSE). In those cases where one 9f 
more of the curves never ri 
50%, a weighted mean of the number 
of "equal" responses was cal 
and used as an estimate of the PSE: 
Figure 2 shows the calculated PS 
footlamberts at each ISI. As-can b 
seen in Fig. 2, maximal metacontras 
suppression occurs at ISIs be 
40 and 80 msec. At ah ISI of 60 ms 
the disk was judged darker than ! 
barely visible .04-ftl. comparison di 
94% of the time. 


Other of the rings. 
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TABLE 1 


/— Reaction Time TO Disk AT 43, 4.3, 43, 
AND ,04 FTL, 


* In milliseconds, 


. Reaction time,.—The RT data are 
shown in Tables 1 and 2. "Table 1 
shows that RT decreases as luminance 
of a single test disk increases, the 
differences being significant beyond 
the .01 level (PHS, F = 55.1; MCS, 
F = 53.4). Table 2 shows RT to a 
disk when followed at various ISIs 
by the ring. These results show that 


- RT is unaffected in the metacontrast 


situation. The RT to the ring alone 


- was 202.6 msec. (SD = 9.5) for PHS 


and 202.3 msec, (SD = 10.1) for 
MCS, 


EXPERIMENT I1 


The results of Exp. 1 confirm the 
findings of Fehrer and Raab (1962) in 
a situation where the outer contour 
the test stimulus is identical with the 
inner contour of the second stimulus. 

Another way to study the detecta- 
bility of the first stimulus is to provide 
Opportunity for simultaneous com- 
parison. This can be done by always 

presenting two rings, one to side 
of the fixation point, with a single disk 
Appearing randomly inside one or the 

If in such a 

situation choice reaction time (CRT) 

measures are taken as well, one can 
Compare this measure with accuracy 
of detection. This is the procedure 
employed in Exp. IL 

One objection that may be raised 
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about the tion made so far 
is that in Exp. | the luminance ratio 
between disk and ring had not been 
varied. It remains conceivable that 
interference might have been ob- 
tained if luminance ratios between 
disk and ring had been suitable, ‘This 
parameter was y investigated 
by Fehrer and Smith (1962) and 
Kolers (1962) without employing a 
simultaneous comparison situation. 
They maximal interference 
at ISIs between 50 and 100 msec. 
when the two stimuli were of relatively 
equal luminance, However, when the 
luminance of the first stimulus was 
very low in contrast to the second, 
interference was found to increase 
monotonically as ISI was decreased. 


E 
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TABLE 2 


Toig to Disk ix Diss Rina 
‘Sequence ar Five [Sis wru Born 
Sruti ar 45 Fr. 
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TABLE 3 


PERCENTAGE OF CORRECT DETECTION OF 
RING LUMINANCE AT 43 FTL. AND DISK 
LUMINANCE AT 43, .43, AND .04 FTL. 


Luminance of Disk 


Ish 43 ftl. 443 ftl. 


PHS 


100.0 100.0 | 96.7 | 73.2 
100.0 |100.0 |100.0 | 95.0 
100.0 |100.0 |100.0 (100.0 
100.0 (100.0 |100.0 |100.0 
100.0 |100.0 (100.0 |100.0 


MCS | PHS | MCS 


00. 
00. 
00. 


a In milliseconds. 


the other to the right of fixation point (see 
Fig. 1). The disk, which always preceded 
the rings, appeared either on the left or the 
right. Five ISIs were employed: 3, 20, 60, 
100, and 140 msec. The duration of exposure 
for disk and rings was again 5 msec. The 
luminance of the rings was constant at 43 
Ítl. The disk was presented at 43, .43, and 
.04 ftl. The ISIs, luminance levels, and left- 
right positions of the disk were randomized. 
The two authors served as Ss, Prior to the 
experiment several days were devoted to 
practice on target detection and CRT. 
Measurements for this experiment were ob- 
tained over a period of five days; for each 
condition 12 measurements were obtained per 
day; asin Exp. I the lowest and highest CRTs 
were discarded each day, yielding a total of 
50 measurements per S for each condition. 


TABLE 4 


RING Luminance AT 43 FTL. AND Dr: 
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Results 


The percentage of accuracy of de 
tection for the condition is shown in 
Table 3. With the disk at 43 ftl 
detection was 100% at all ISIs. With 
the disk at .43 ftl. a few errors were 
obtained, but only at an ISI of 3 msec 
With the disk at .04 ftl. the errors 
were most at an ISI of 3 msec. and 
then decreased as ISI increased. 

The data on CRT are shown in 
Table 4. These results complement 
the error scores. Greatest latencies 
were observed at the shortest ISls, 
With both ring and disk at equal 
luminance the CRT was the same at 
all ISIs. The analysis of variance fol 
these data showed effects significant 
beyond the .01 level for luminance 
levels (PHS, F = 966.2; MCS, 
= 505.5), for ISIs (PHS, F = 257 
MCS, F = 131.8) and also a signifi 
cant interaction (PHS, F = 103.2) 
MCS, F = 35.0). 

An additional finding should 
noted. When Ss were asked to ob 
serve the afterimage when both disk 
and rings are set at 43 ftl., at an ISI 
of 60 msec., they reported seeing 2 
positive afterimage of the ring on the 
side where only the ring appeared: 


SK LUMINANCE AT 43, .43, AND .04 FTL. 


Disk Luminance 
43 ftl. 443 ftl. -04 ftl. 
ISI 
PHS MCS PHS MCS PHS MCS 

Gar SD | Ge | so | Uae SD | ERF | SD | RT | SD | CRT 
3 | 374.7 | 33.2 | 380.9 | 38.3 | 776.9 | 139.7 | 808.3 | 211.7 | 962.8 | 177.9 | 952.5 
20 | 350.1 | 41.3 | 369.6 | 43.8 | 656.9 | 126.1 | 748.3 | 180.3 |1007.9 | 171.0 | 945.1 
60 | 339.0 | 37.2 | 355.2 | 50.5 | 366.9 | 38.7 | 416.6 | 117.0 | 950.4 | 182.9 | 870.8 
100 | 339.4 | 34.7 | 324.3 | 122.0 | 377.4 | 44.8 | 402.1 | 51.2| 500.3 | 57.4 | 588.8 
140 | 344.7 | 35.2 | 342.0 | 62.2 | 405.9 | 48.9 | 403.1 | 44.6 | 454.2| 56.3 | 501.8 


Note.—Mean CRTs in milliseconds, 
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On the side where the disk preceded 
the ring, the afterimage of a larger 
disk was seen with a diameter corre- 
sponding to that of the outer diameter 
of the ring. "Thus, the disk leaves an 
afterimage approximately equal in 
brightness to the ring, although 
phenomenally the disk is very much 
darkened. 


EXPERIMENT III 


The results of Exp. II show that 
only one of the functions reported by 
Fehrer and Smith (1962) and Kolers 
(1962) was obtainable in the simul- 
taneous comparison situation. When 
the two stimuli were equal in lumi- 
nance, the disk was equally detectable 
at all ISIs. What then accounts for 
the apparent darkening of the first 
stimulus at ISIs between 50 and 100 
msec.? It has been noted (Fehrer & 
Raab, 1962; Fehrer & Smith, 1962) 
that metacontrast is somehow related 
to apparent movement. Observing 
the disk-ring sequence at an ISI of 60 
msec., when the two stimuli are 
relatively equal in luminance, the disk 
may not be seen, but some activity, 
describable as outward movement is 
readily perceived. 

Typically in the metacontrast situa- 
tion a single stimulus sequence is 
shown. By contrast, in studies of 
phenomenal movement the stimuli 
are generally exposed repeatedly. 
What would happen if one were to 
increase the recycling rate in the meta- 
contrast situation with the two stimuli 
set at the same luminance? Kolers 
and Rosner (1960) varied this pa- 
rameter, referred to as the intercycle 
interval (ICI), but only down to 1.5 
sec., and found that the metacontrast 
effect increased. What should happen 
if ICI were to be reduced further, 
eventually equaling the duration of 
the ISI? The aim of Exp. III was to 
investigate this question. 


Method 


The same apparatus was employed. Two 
disks and a single ring were the stimuli. The 
disk-ring combination always appeared to the 
right of the fixation light, while the compari- 
son disk appeared to the left. The exposure 
durations of disks and ring were 5 msec., and 
the ISI was kept constant at 60 msec. The 
luminance of the test disk and the ring was 
set at 43 ftl. Three luminance levels were 
employed for the comparison disk: 21.5, 2.15, 
and .22 ftl. 

The duration of the ICI was varied in this 
experiment until S reported that test and 
comparison disks were of equal brightness. 
For each ICI setting a burst of six disk-ring 
sequences was presented. The number of 
recyclings was determined by pilot work. 
It was found that with six sequences judg- 
ments were adequately reliable. Longer 
sequences were unpleasant to O and were 
found to increase the variance. 

A method of limits was employed. The 
ICI was set at a duration below the point 
at which equality was generally reported and 
was then changed after each burst until S 
reported the test and comparison stimuli 
equal in brightness. 

The two authors served as Ss, The same 
dark adaptation procedures were observed as 
in previous experiments. A total of 20 
measurements was obtained for each S at 
each of the three luminance levels of the 
comparison disk. 


Results 


The results of this experiment are 
presented in Table 5. As the ICI is 
decreased to a level approximating 
ISI, the disk begins to reappear, and 
quickly grows brighter. When ICI 


TABLE 5 


Mean or ICI MATCHINGS TO COMPARISON 
Disk AT 21.5, 2.15, AND .22 FTL. 


PHS MCS 
| E 
Mee | so [Xe | sp 
21.5 57.0 14.2 62.5 16.5 
2.15 119.0 18.9 137.0 27.2 
22 169.5 36.2 211.5 44.9 


a In milliseconds. 
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and ISI are of approximately equal 
length, the test disk, which is set at 
43 ftl. appears equal in brightness to 
the 21.5-ftl. comparison disk. This 
would suggest that there is still some 
effect on apparent brightness akin to 
interference. That this brightness 
diminution is not due to metacontrast 
is suggested by the observation that 
at this rate of recycling the disk and 
the ring appear equal in brightness. 
'Thus some sort of interaction must 
account for the general decrease in 
apparent brightness of both the disk 
and the ring. 


Discussion 


Our results may be summarized as 
follows: 

1. Although the phenomenal bright- 
ness of a disk, when followed by a ring 
at ISIs between 50 and 100 msec. is 
greatly reduced, RT to the disk is equally 
rapid at all ISIs. This finding is in 
accordance with those reported by 
Fehrer and Raab (1962). 

2. Ina forced-choice comparison situa- 
tion no U-shaped function is found for 
either CRT or for correctness of report. 
When the luminance of the disk is set 
low, relative to the ring, the interference 
observed is maximal at shortest ISIs 
and decreases as ISI is increased. 

3. As the duration of ICI approxi- 
mates ISI, the disk becomes brighter 
again. When ICI and ISI are equal in 
duration, the disk and ring may be seen 
as equally bright. 

The results of these experiments sug- 
gest that one may discern two different 
processes underlying the interferences 
observed. 

A When the luminance of the two stimuli 
is relatively equal, the phenomenal 
brightness of the first stimulus is greatly 
reduced at ISIs between 50 and 100 
msec. The effect decreases both when 
ISI is shortened and lengthened. This 
metacontrast effect does not seem to 
involve the obliteration of the first 
stimulus, as it is equally detectable at all 


ISIs employing RT and comparison | 
procedures. 

We believe that the processes which 
underlie metacontrast are in part analo- 
gous to those which are involved in 
apparent movement. At certain ISIs 
(those at which metacontrast is maximal) 
the disk seems to expand and “turn into” 
the ring. The perception of this double 
change—both in position (from inner 
disk to outer ring), and in configuration, 
leads to the inference that the disk is no 
longer present. Confirmation of this 
view seems to be provided by the findings 1 
of Exp. III, for if the situation can be 
varied so that the ring appears to change 2 
configuration as well, and turn into. 
the disk—then the disk is once more 
perceptible. 

The question may be raised why in 
some experiments (Kolers & Rosner, 7 
1960; Werner, 1935) Ss frequently report 
not seeing the first stimulus at inter 
mediate ISIs. In these studies the] 
stimuli were always presented in pairs. 
Under such conditions Ss probably make | 
relative judgments; they report the 
absence of the first stimulus at those} 
ISIs where it is less apparent. That 
these results may be due to such anchor- 
ing effects is suggested by a pilot experi- 
ment in which we have found that the 
frequency of absence reports in meta 
contrast can be drastically reduced when 
one intersperses trials during which only 
the second stimulus is presented. 

A second interference process is ob- 
served when the luminance of the first 
stimulus is very low relative to the 
second one. The interference under this 
condition increases monotonically as ISI 
is decreased, and seems to involve the 
obliteration of the first stimulus, as it 
is not detectable in a comparison situa- 
tion. We believe that the interference 
observed here is due to the scattere 
light in the eye produced by the ring 12 
the area corresponding to the center 0 
the ring. This scattered light interferes 
with the perception of the disk in 9 
manner analogous to the type of maskin£ 
observed in experiments where the first 
and second stimuli physically overlap 
(Battersby & Wagman, 1962; Boynto? 
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& Kandel, 1957; Schiller, 1965). Evi- 
dence in the literature suggests, however, 
that a number of different processes may 
be discerned in interference by masking. 
Some of these processes seem to occur 
prior to the optic chiasma, and some 
beyond. It is only in the latter that 
dichoptic interference effects may be 
observed (Schiller, 1965). Further work 
is needed to determine which of these 
processes is involved in the interference 
described by the second function in the 
disk-ring sequence. 
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The increase in reaction time (RT) with size of the stimulus set for 
selective response tasks involving the naming of 1 of n equiprobable 
numerals has been ascribed to variation in attributes of the stimulus 
sequence—reduced probability of signal presentation, increased mean 
intersignal interval, and heightened temporal uncertainty of signal 
occurrence. The present study provided an independent assessment of 
the effect upon selective RT of a 4th factor commonly confounded with 
the preceding 3: the presence of incompatible S-R associations in serial 
context with numeral-numeral pairs. 
Ss to remain silent to a given subset of numerals, or to respond with the 
single designation “No” to members of that subset, produced longer 
reaction latencies to numerals to be named than would be predicted 


from properties of the stimulus sequence alone. 


The data indicate that requiring 


An interpretation in 


terms of generalized response inhibition and response competition is 


examined. 


A number of investigators (Brain- 
ard, Irby, Fitts, & Alluisi, 1962; 
Morin & Forrin, 1962; Mowbray, 
1960) have reported that, for a task 
involving the verbal naming of each 
member of a set of equiprobable 
numerals, choice reaction time (RT) 
was independent of the size of the 
stimulus set. In contrast, with .S 
required to name only a single element 
of the stimulus set (the "key" stim- 
ulus or signal), Mowbray (1960) has 
observed selective R'T to be an in- 
creasing function of the number of 
numerals comprising the set. He 
accounted for this result by analogy 
with an expectancy hypothesis pro- 
posed by Deese (1955) for vigilance 
tasks: that probability of signal de- 
tection decreases—and, hence, selec- 
tive RT increases—as signal rate 
decreases. 

Mowbray's (1964) usage of the 
term "signal rate," as he has pointed 


1This study was supported by National 
Science Foundations Grants GB-323 and 
GB-1600 awarded to Kent State University. 
The authors are indebted to Andrew Konick 
for assistance in data collection and analysis. 
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out, is equivocal. It may refer to the 
number of presentations of the key 
stimulus—and, thus, to the number 
of responses—per unit time. Alter- 
nately, it may designate the propor- 
tion of stimulus presentations or tri: 
events which call for a naming re- 
sponse. Brebner and Gordon (1962) 
have shown that signal rate in the 
former sense is not sufficient to 
account for variation in RT in the 
selective task. They maintained the 
average rate of presentation of à 
single key stimulus constant at one 
per 8 sec. but varied the relative 
frequency of the signal (.5, .25, 0f 
125) by manipulating the number of 
equiprobable digits in the stimulus 
set. Under these conditions, selective 
RT for both a key-pressing and à 
verbal reaction was found to increase 
with the logarithm of the set size. 
Mowbray (1964) has affirmed Breb- 
ner and Gordon's conclusion that 
selective response latencies increase 
as the probability of signal occurrence 
decreases. In a series of experiments 
he further demonstrated that the size 
of the total stimulus set (4 or ! 
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numerals) was not crucial; it was the 
probability of occurrence of the single 
key stimulus to which selective RT 
was sensitive. Brebner and Gordon 
(1964a, 1964b) have confirmed this 
finding for selective response tasks 
involving two and four numerals with 
signal-presentation probabilities of 
.625 and .25. 

Though, as Mowbray maintains, 
the dependence of selective RT upon 
signal-presentation probabilities is 
amenable to an expectancy or vigil- 
ance interpretation, the result is also 
consistent with the view that RT for 
numeral-numeral pairs is sensitive to 
the occurrence of other S-R types in 
serial context. Morin and Forrin 
(1962) found that choice RT for the 
naming of numerals was lengthened 
by the inclusion in the S-R set of 
geometric symbols given an arbitrary 
numeric code. This finding indicates 
that, even though associations may 
be highly overlearned or compatible, 
their reaction latencies may be in- 
creased by the presence in the S-R 
sequence of associations of low com- 
patibility. In the selective response 
task two types of S-R associations 
exist: the class of numeral-numeral 
pairs and the class of numeral-"null 
response" pairs. The latter pairs are 
assumed to define associations of low 
compatibility and, consequently, to 
lengthen selective response times. 

The primary purpose of the present 
investigation was to divorce the effects 
of expectancy or vigilance from the 
effects of contextual associations 
which potentially introduce response 
conflict. A further intent was to ex- 
amine the influence upon selective 
RT of varying the number of equi- 
probable stimuli to which a com- 
patible response is given. 


METHOD 


Subjects—The Ss were 20 male students 
recruited from classes in introductory psy- 


chology at Kent State University. Participa- 
tion in the experiment fulfilled a course re- 
quirement. All Ss served in each of the nine 
conditions of the experiment. 

Apparatus.—Each S, tested individually, 
was seated approximately 2 ft. in front of a 
black screen in which the viewing face of an 
Industrial Electronic Engineers Bina-View 
display cell was centered. Projected stimuli 
were approximately 1 in. in height. Stimulus 
sequences were programed on punched tape; 
interstimulus intervals were controlled by 
Hunter timers. The RTs were measured to 
the nearest .01 sec. by a Hewlett-Packard 
counter and were printed on paper tape by 
a Hewlett-Packard digital recorder. A verbal 
response by S activated a Hunter voice-key 
which simultaneously stopped the counter, 
terminated the projected image, and stopped 
the stimulus programmer. If S made no 
verbal response to a projected image (as was 
required on trials of some conditions), the 
stimulus was automatically terminated after 
1.5 sec. Elapsed time between the offset of 
one stimulus and the onset of the succeeding 
stimulus was 1 sec. During this interval E 
recorded .S's response. 

Experimental conditions.—The nine experi- 
mental conditions are outlined in Table 1. 
They may be classified as a Basic condition 
and eight modifications generated by four 
task variations and two values of &. Variable 
k is the number of numerals in the stimulus 
set calling for a naming response. 

In the Basic condition the stimulus set 


TABLE 1 


ScHEMATIC REPRESENTATION OF THE NINE 
EXPERIMENTAL CONDITIONS 


Cond. Stimulus Set 
ESNS A EAEE. 10910561) 77:8; 
Baic| 8|1 2 3 4 5 6 7 8 
I DE EX XU Xx 
Vis LUE M RUE mo Ard 
Il eE Aa o b be tb bays 
Abe? b yA: i Babi hited: 
Ill 2 2. si, L1] 12005. AS 
4 2. i 4 i ANS 
IV 2" n 27 nen mcm o nre 
4 |r 2) ink 4m NOCTES, 


Note.—Numeral — S named the numeral indicated, 
x = numeral not included in the stimulus set, b = num- 
eral replaced by blank field, i — numeral presented but 
response inhibited, and n — numeral presented, S 
responded “No,” 
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consisted of the numerals, 1 through 8. The 
Ss were instructed to name as rapidly as 
possible each numeral as it was displayed. 
The stimulus sequences were so constructed 
as to equate both the relative frequency of all 
numerals and the first-order transitional 
probabilities. Stimulus presentation orders 
for the remaining eight conditions were de- 
rived from those of the Basic condition. 

Task I called for a conventional one-one 
choice reaction and was designed to provide 
a base line for the interpretation of the effects 
of task variations, As in the Basic condition, 
Ss were required to identify verbally each 
numeral presented. The stimulus set, how- 
ever, was altered to include only two (2's and 
8's) or four (2's, 4's, 7's, and 8's) numerals 
depending upon the value of k. 

Task II was designed to permit an assess- 
ment of the effects of signal properties govern- 
ing vigilance in the absence of effects attribut- 
able to incompatible contextual associations. 
The task represents a variant of the choice 
reaction task in which each numeral displayed 
calls for a unique response but signal elements 
are presented on only a fraction of the trials. 
The Ss were to identify two (2's and 8's) or 
four (2's, 4's, 7's, and 8's) numerals, depend- 
ing on k. Stimulus sequences were generated 
by removing numerals not to be named from 
the stimulus presentation orders established 
for the Basic condition. Numerals removed 
were replaced by a blank field of light to which 
there was no response. By this means both 
the probability of occurrence of signal events 
and their rate of presentation were reduced. 

Task III introduced into the S-R sequence 
contextual associations which are referred to 
as numeral-null stimulus-response pairs. The 
S was instructed to say nothing when certain 
numerals were presented. A numeral-null 
association may be considered incompatible 
in that its stimulus member has a high prob- 
ability of evoking at least one other response, 
the numeral name. Relative to the Basic con- 
dition, the stimulus sequences were unchanged 
but Ss were instructed to name only two (2’s 
and 8's) or four (2's, 4’s, T's, and 8's) numerals 
and to remain silent for all other stimulus 
Presentations. The Ss were, thus, required to 
respond selectively to a subset of k numerals 
from within the total set, 

In Task IV the attempt was made to 
reduce further the S-R compatibility of con- 
textual associations. Instructions for the 
latter task differed from those for Task III 
in only one respect: Numerals unnamed in 
Task III called for the response “No” in Task 
IV. The modification in the behavior re- 
quired of . resulted in a correlated alteration 
in the temporal characteristics of the stimulus 
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presentation sequence; insofar as reaction 
latencies for the response “No” fell below the 
maximum display time for unnamed numerals | 
in Task III, the mean interval between 
cessive presentations of to-be-named signal 
was shorter in Task IV than in Task III. 
like difference held between Task IV a 
Task II, 

To summarize, in the corresponding subsi 
conditions of Tasks II, III, and IV, numera 
to be named appeared in identical locations. 
in the stimulus series and with identica 
relative frequencies. These tasks, therel 


respect to signal attributes. "Tasks III 
IV, however, were unlike Task II in that 
numeral-numeral pairs were embedded in a 
context of incompatible S-R associations. 
Procedure,—Each S was tested in two 
experimental sessions on 2 consecutive days 
A session consisted of 18 blocks of 128 trials 
each and lasted approximately 2 hr. Each. 
of the nine blocks comprising a half session 
represented a separate experimental condi- 
tion. Thus, Ss received 256 trials in each} 
condition on each day or 512 trials per condit 
tion in all. The order of conditions within 
half sessions was randomly determined for 
each S. A 150-sec. rest period was inter- 
polated between successive blocks of trials. 
Two stimulus sequences were constructed 
for the Basic condition, one employed during 
each half session of a given day. Sequences 
for the remaining conditions were derived 
from those of the Basic condition in the 
manner previously noted. To minimize the 
identifiability of a stimulus series and, con- 
sequently, to minimize the occurrence | 
anticipatory responses, a randomly vari 
sequence of four numerals was inserted at the 
beginning of each block. Responses to the 
“lead-in” stimuli were not recorded. : 
Tape-recorded instructions to Ss givet 
immediately prior to each condition empha- 
sized both speed and accuracy. A noncorfec: 
tion procedure was employed. The Ss were T 
not informed of their RTs or of the gen i 
quality of their performance during the course | 
of the experiment. | 


RESULTS 


Reaction latencies for individual $5 
were based upon error-free responses 
to the Numerals 2 and 8 which ap- 
peared in identical positions in the 
stimulus orders of all nine expeti- 
mental conditions. With errorlesé 
performance 32 responses per 128 | 
trial block satisfied the stated condi- 
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tion Error rates in the Basic condi- 
tion and in Tasks I, II, and III were 
notably low, under 1% for both the 
64 critical trials and the total 256 
trials of the final two blocks. A 
slightly greater error rate was ob- 
tained in Task IV, 2.6% for the 
critical trials and 2% for all trials of 
the terminal blocks. 

Inspection of the functions relating 
mean RT (pooled over Ss) to blocks 
of trials for the four tasks revealed 
that, with the exception of Task IV, 
performance was relatively stable by 
the second day of practice. Training 
effected the greatest decline in RT in 
Task IV and the data suggest that, 
with additional practice, further im- 
provement might be anticipated. To 
minimize, if not to eliminate, the 
effects of learning, mean RT for the 
final two blocks of trials was selected 
as the criterion measure for subse- 
quent analyses. 

Since choice RT for the naming of 
numerals has been found to be in- 
dependent of the size of the numeral 
set, a comparison of performance in 

2In the Basic condition and in the sub- 
conditions of Tasks II, III, and IV the 32 
critical trials per block included all presenta- 
tions of the numerals, 2 and 8. Both total 
practice, as defined by number of training 
trials, and practice in the identification of 
critical stimulus elements were constant over 
these tasks. In the subconditions of Task I, 
however, the numerals, 2 and 8, appeared 128 
and 64 times per block for k = 2 and k = 4, 
respectively. Thus, though total practice 
was equivalent to that in the remaining 
conditions, greater opportunity was afforded 
for the verbal identification of signals upon 
which the response measure was based. In 
the light of the long prior experience of 5s in 
the naming of numerals and of the fact that 
critical stimuli called for the same response 
in all tasks, it was judged of primary im- 
portance to equate conditions for the effects 
of time-dependent variables—general habitua- 
tion, warm-up, fatigue, boredom, etc. Con- 
clusions based upon observed differences in 
performance between the subconditions of 
Task I and the remaining conditions of the 
design must, nonetheless, be tempered by a 
recognition of the indicated inequality. 


TABLE 2 


ANALYSIS OF VARIANCE FOR THE DATA OF 
THE NINE EXPERIMENTAL CONDITIONS 
(DATA IN MILLISECONDS) 


Source df MS Fa 
Between Ss 19 | 8401.00 
Within Ss 160 | 1644.02 
Task (T) 3 [61332.67 |95.15*** (a) 
k 1| 426.00 | 1.43. (6) 
TXk 3 | 2843.00 | 16.58***(c) 
Ss X T (a) 57| 644.60 
Ss X k (b) 19| 298.84 
SsXTXk() | 57| 17146 
Basic vs. Other 1 |16817.00 |65.10*** (d) 
Ss X Basic vs. 19| 258.32 
Other (d) 


^ Letters indicate error term used. 
# > «001. 


the Basic condition with that in the 
subconditions of Task I was of special 
interest. For stimulus sets of size 
two, four, and eight mean choice RTs 
were .396, .407, and .413 sec., re- 
spectively. The increase in mean 
RT associated with increasing set 
size, though slight, was statistically 
significant, F (2,38) = 10.05, p <.001. 

To assess the overall effects of task 
conditions and of the number of stim- 
ulus elements calling for a naming 
response (k), the experiment was 
treated as a 4 X 2 factorial design 
with an added cell representing the 
Basic condition. The results of the 
analysis are given in Table 2. In 
Fig. 1 mean RT is plotted as a func- 
tion of & for the four tasks, The 
analysis of variance revealed a signifi- 
cant main effect attributable to tasks 
(p < .001) and a significant Task X k 
interaction (p < .001). There was no 
significant main effect attributable to 
k (omitting the data of the Basic con- 
dition). With two numerals to be 
named, mean RT was .443 sec.; with 
four, .446 sec. There was, however, 
a significant difference (p < .001) be- 
tween mean RT for the Basic condi- 
tion (.413 sec.) and pooled mean RT 
for the remaining conditions of the 
design (.444 sec.). 
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Fic. 1. Mean RT in seconds plotted as a function of number 
of numerals to be named. 


Application of Duncan’s range test 
for multiple comparisons to the mean 
RTs for task conditions (pooled over 
variations in k) indicated that each 
task differed significantly from all 
others (p < .001). In order of in- 
creasing mean RT the tasks were 
arranged as follows: Task I (.402 
sec.); Task II (.425 sec.); Task III 
(458 sec.); Task IV (.491 sec.. The 
ordering of conditions was remark- 
ably stable over Ss. For 17 of 20 Ss, 
Task I ranked first (fastest); for 
15 Ss, Task II ranked second; for 16 
Ss, Task III ranked third; and for 18 
Ss, Task IV ranked fourth. Thirteen 
Ss produced a ranking completely 
consistent with the ordering of task 
means, 

An examination of the basis for the 
significant Task X k interaction re- 
vealed that an increase in & from two 
to four resulted in an increase in mean 
RT in Tasks I and IV but effected a 
decrease in mean RT in Tasks II and 
III. Reference to the performance of 


individual Ss is suggestive of the 
magnitude of the effect of & in each 
task condition. In Task I, RT for 
16 of 20 Ss increased with k. In Task 
IV, RT of 18 Ss lengthened as k 
increased. In both Tasks II and III 
the increase in & was associated witha 
decrease in RT for 13 Ss. 


Discussion 


Choice RT and set size.—The present 
study failed to replicate the finding that 
choice RT for a numeral-naming task i$ 
independent of the size of the stimulus 
set. For sets of two, four, and eight 
numerals, response times lengthened as 
set size increased. The increase in mean 
reaction latency, however, was slight; 
doubling the set size produced an average 
increment of only .008 sec. A compa- 
table result for a choice reaction tas 
involving the naming of letters of the 
alphabet has recently been reported by 
Morin, Konick, Troxell, and McPherson 
(1965). Fitts and Switzer (1962) have 
noted shorter reaction latencies for two 
numerals than for eight but only if the 
two constituted a familiar subset of the 
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larger set. Since the elements of the 
smaller sets employed in this experiment 
(2 and 8; 2, 4, 7, and 8) seem to have no 
special property of belongingness, it does 
not appear reasonable to subsume the 
present result under the Fitts and 
Switzer finding. 

Choice and. selective RT.—In the clas- 
sical selective task involving the naming 
of one of n equally probable numerals, 
increases in n produce a number of cor- 
related alterations in the attributes of the 
stimulus sequence: (a) probability of 
occurrence of the signal stimulus de- 
creases; (b) mean intersignal interval 
increases; and (c) the variance of the 
distribution of intersignal intervals— 
temporal uncertainty—increases. Mow- 
bray contends that these effects sys- 
tematically reduce S’s expectancy that a 
signal will occur on a given trial, con- 
tribute to relaxed vigilance and, thereby, 
lengthen reaction latencies to signal 
elements. In the choice task, on the 
other hand, each numeral presented calls 
for a response; probability of signal 
occurrence, mean intersignal interval, 
and temporal uncertainty are uninflu- 
enced by variation in n. It follows, 
therefore, that independence or near 
independence of choice RT and 1 is to be 
anticipated. Consistent with Mow- 
bray’s hypothesis, the difference in 
performance between Tasks I and II 
accords with the inference that RT was 
sensitive to variation in stimulus attri- 
butes governing expectancies. 

Examination of the data for Tasks II 
and III indicates, however, that an ex- 
pectancy or vigilance interpretation is 
insufficient to account for observed differ- 
ences between choice and selective re- 
action tasks. Tasks I and II, though 
differing with respect to stimulus at- 
tributes, did not differ with respect to the 
response required of S. Each numeral 
presented was to be named. Correspond- 
ing subconditions of Tasks II and III, 
in contrast, were identical with respect 
to signal-presentation probabilities, mean 
intersignal intervals, and temporal un- 
certainty of signal occurrence. They 
differed in that, in the latter task, the 
elements of the numeral set were parti- 
tioned into two subsets—the class of 


to-be-named numerals (the positive sub- 
set), and the class of not-to-be-named 
numerals (the negative subset). For Ss 
primed to react rapidly, it is reasonable 
to assume that each numeral presented, 
regardless of class membership, had a 
strong tendency to evoke its name. For 
numerals in the negative subset, this 
tendency has to be countered by some 
form of inhibition if S was not to respond 
in error. Insofar as similarity relations 
exist among members of the total 
numeral set, it may be presumed that 
inhibition generalized to the to-be-named 
numerals and lengthened response times 
for numeral-numeral pairs. The ob- 
served increase in mean RT for Task III 
relative to Task II supports the argument 
outlined. 

Task IV required the substitution of 
an overt response—the designation “No” 
—for the covert inhibitory response of 
Task III. In this case, it may be as- 
sumed that the tendency to respond 
“No” to members of the negative subset 
generalized to members of the positive 
subset and served to compete with the 
naming response. Despite a slightly 
longer interval between successive pres- 
entations of positive signals in Task III, 
performance in Task III was superior to 
that in Task IV. The data, therefore, 
imply that the detrimental effect of an 
overt competing response exceeded that 
of an inhibitory reaction. It remains 
possible, of course, that the effect of the 
competing response included a com- 
ponent attributable to inhibition. 

Regardless of the mechanism invoked 
to mediate the effect, it is clear that the 
presence in serial context of S-R associa- 
tions of a numeral-null or numeral-'No" 
type produces a marked increase in RT 
in the selective reaction tasks. The 
increase exceeds that predictable on the 
basis of reduced signal-presentation prob- 
abilities, increased mean intersignal in- 
tervals, or heightened temporal un- 
certainty. 

The effects of k.—Differences in mean 
RT between tasks have been interpreted 
in terms of vigilance, generalized response 
inhibition, and generalized response com- 
petition. Do these factors serve also 
to account for differences in performance 
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within tasks associated with variation in 
the size of the positive subset? In Task 
II, increasing k conduces to increased 
vigilance; reaction latencies should, 
therefore, decrease with k. The slope 
of the function relating RT to k, though 
appropriately negative in sign, was not 
statistically significant; the data offer 
questionable support, if any, for the 
prediction. In Task III, increasing k 
should lead not only to increased vigi- 
lance but also, by virtue of a reduction 
in the number of numeral-null response 
associations, to a decrease in the strength 
of generalized inhibition. Insofar as the 
two effects are additive, the decrease in 
RT with k in Task III should exceed 
that in Task II. The data do not sup- 
port this contention; the decrease in 
Task III is no greater than that predict- 
able from increased vigilance alone. If, 
as has been assumed, performance is 
more adversely affected by generalized 
response competition than by generalized 
response inhibition, the slope of the RT-k 
function for Task IV should be negative 
in sign but steeper than that for Task 
III. The data are not consistent with 
this prediction. To the contrary, in 
Task IV response times increased with 
increasing size of the positive subset; 
reaction latencies were shorter with six 
numeral-‘‘No’”’ associations in serial con- 
text than with four. 

Some recent studies suggest a basis 
for the equivocal effects of variable k. 
In the present investigation, variations 
in & meant changes both in the size of 
the positive subset and in the probability 
of occurrence of a member of that subset. 
When these variables are separated they 
appear to influence selective RT in 
opposite directions. Sternberg (1963) 
and Konick and Morin (1964) have 
found a marked increase in RT with k 
when the probability of occurrence of an 
element from the positive subset was 
held constant. On the other hand, 
Kumler and Morin (1964) have observed 
that increases in the probability variable, 
with subset size constant, reduced selec- 
tive reaction latencies. It must be 
concluded that k, as defined in this 
experiment, is a nonunitary variable 


which interacts in a complex fashion 
with task variation. 
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PREDICTION OF RESPONSES TO MULTIDIMENSIONAL 
FROM RESPONSES TO UNIDIMENSIONAL STIMULI 
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By dichotomizing 2 stimulus dimensions, A and B, 4 stimuli A+B+, 
can be constructed. The present 
problem is concerned with predicting the probability (P) that ACB— 


A-FB—, A—-B+, and A-B-, 


will be confused with A+B +, given 


the separate Ps of confusing A+B — 


and A—B+ with A+B-+. On the assumption that A and B are 
sensorily independent it was hypothesized that the P of confusing 
A —B— withA+B-+ equaled the product of the Ps of confusing A4-B — 
and A—B-+, divided by the P of correctly identifying A+B+. The 
hypothesis was tested using populations of 4, 8, and 16 stimuli syn- 
thesised from 2, 3, and 4 auditory dimensions. 12 separate groups 
were run under slightly different experimental conditions (N — 176). 
The results were on the whole confirmatory. 


By dichotomizing two stimulus 
parameters, A and B, four stimuli 
A+B+, A+B—, A-B-, and 
A—B-— can be constructed. If A and 
B are sensorily independent of one 
another (ie., if the estimate of the 
value of one parameter is uninflu- 
enced by the value of the other) 
then the probability of confusing say 
A--B— with A+B+ might reason- 
ably be expected to be greater than 
the probability of confusing A—B- 
with A+B+. Specifically, if S has 
to state whether the comparison 
stimülus is the same or different from 
A+B-+, he would probably make 
more “same” responses to A+B— 
and A—B+ than to A—B-—. A 
question arises at this point which 
is of some importance; Will the 
proportion of same responses to 
A—B-— relate to those elicited by 
A--B— and A—B-+, and if so, what 
form will the relationship take? 

A number of workers have at- 
temped problems of this type (e.g. 
Attneave, 1950; Erikson & Hake, 


1 The author wishes to thank D. E. Broad- 
bent and P. Freeman for their advice, the 
Royal Navy for supplying 5s and equipment, 
and the R.E.M.E. for making Ss available. 
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1955; Restle, 1961). Attneave varied 
two dimensions along four or more 
steps and had Ss rate similarity along 
a T-point scale, when comparison 
stimuli differed along one or both 
dimensions. Using the ratings as 
estimates of "psychological space” 
the combination of both dimensions 
was predictable from separate ratings 
of the single dimensional comparisons. 
The model was based upon the 
assumption that psychological space 
is non-Euclidean—a suggestion pre- 
viously made by Householder and 
Landahl (cited by Attneave). Es- 
sentially the technique involved the 
simple addition of the psychological 
distances estimated on each dimen- 
sion separately. Applied to the 
present problem the probability of 
confusing A — B— with A+B-+ would 
be some function of the psychological 
distances separating A+ and A— 
added to that between B+ and B—. 
"This model is difficult to apply in the 
present situation because the relation 
of psychological space to the proba- 
bility of confusing A— B+ or A+B- 
with A+B+ would not be easy to 
assess. 

Restle's model is applicable to cases 
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in which A+B+ and A—B— are 
presented as standards and A—B+ 
or A--B— has to be placed in one or 
other of these categories. Restle 
proposes that 


Pb(a)[1 — Pc(a)] 
Pb(a)[1 — Pc(a)] 
+ Pc(a)[1 — Pb(a)] 


where Px(y) is the probability of 
calling x y (e.g., the probability of 
calling A—B-- A+B+). It will 
be noted that the value Pa(b) is 
obtainable only when values Pc(a) 
and Pb(a) are given, which means 
that the probabilities of calling 
A+B+ A—B-+ and calling A—B— 
A—B-+ must be discovered. In the 
present situation S has only to say 
whether the test stimulus is the 
same or different from A+B+. 
Restle's model is therefore inap- 
plicable. 

Eriksen and Hake used the method 
of absolute identification in a situa- 
tion which was otherwise very similar 
to the present one. Each stimulus 
was named by S rather than have 
him state whether it was the same 
or different from another. The model, 
which successfully predicted the re- 
sponse-generalization gradients around 
each of the compound stimuli, was 
based primarily upon the assumption 
that the separate stimulus dimensions 
were treated independently. The 
model was designed specifically for 
their particular situation, and insofar 
as the two situations correspond, the 
model applicable to the present one 


Pa(b) = 


bears a distinct resemblance to that 
proposed by Eriksen and Hake. 

Itis assumed that dimensions A and 
B are dealt with independently, say, 
by two distinct discrimination devices 
a and b. The probability of confusing 
A—B-— with A+B+ is given by the 
expression : 


Pa—.Pb— = Pa—. Pb 
X Pa.Pb — / Pa. Pb. 


where Pa is the probability that device 
a will signal that A+ has been 
received when A+ was presented to it 
and Pa— is the probability that a 
will signal that A + has been received 
when A— was presented. A similar 
notation applies to B. Consequently 
Pa. Pb. is the probability that A -- B 4- 
will be considered to have been 
received when A+-B+ was presented 
and Pa—. Pb— the probability that 
A+B-+ will be the response when 
A—B-— was presented. 

The equation implies that in prac- 
tice it should be possible to predict 
the empirical probability that A — B— 
will be confused with A--B4- by 
finding the product of the prob- 
abilities that A—B-- and A-FB— 
are confused and dividing by the 
probability that A--B-- is correctly 
identified. 

In a three-dimensional population 
of stimuli the existence of three 
devices a, b, and c may be argued. 
The proportion of same responses to 
four of the eight stimuli should then 
be predictable, as shown in Table 1. 
In this table probabilities pi-p4 are 


TABLE 1 
PREDICTIONS FOR THREE-DIMENSIONAL MATERIAL 


A+B+C+| A+B+C- | A+B-C+|A-B4C4+]|A4B-C- A-B+C— | A-B-C + | A-B-C- 


pl p2 p3 p4 


p7 = p8 = 
p3.p4 p2.p3.p4 
pl pl pl pr 
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TABLE 3 
Descriptions or STMULI Usep IN Groups 11 AND 12 


Description 
Sound Percentage of Response 
" Interrupt. i 
Pitch in cps Rate per Sec. m pieda Intensity i 
A+B+C+D+ 2000 3 60 80 YES 
A+B+C+D— 2000 3 60 75 NO 
A+B+C—D+ 2000 3 20 80 NO 
A+B-—C+D+ 2000 2 60 80 NO 
A—B+C+D+ 1750 3 60 80 NO 
A+B+C—D— 2000 3 20 75 NO 
A+B—C+D— 2000 2 60 75 NO 
A—B+C+D— 1750 3 60 75 NO 
A+B-—C-—D+ 2000 2 20 80 NO 
A-—B+C—D+ 1750 3 20 80 NO 
A+B—C—D— 2000 2 20 75 NO 
A-—B+C—D— 1750 3 20 75 NO 
A-—B-—C+D— 1750 2 60 75 NO 
A—B-C-D4- 1750 2 20 80 NO 
A-B-C-D- 1750 2 20 75 NO 


empirical, but p5-p8 should be pre- used under several different experi- 
dictable from pi, p2, p3, and p4. mental conditions and the results 
With a four-dimensional set of 16 submitted to a test of the model. 
stimuli the probabilities of 11 of the 
stimuli should be predictable. METHOD 

In the following experiments stimuli Stimulus material.—Sounds were syn- 
of 2, 3, and 4 dimensions have been thesized on a Peters SPD 5 audiometer and 


TABLE 4 
EMPIRICAL AND PREDICTED PROBABILITIES FOR GROUPS 1-6 


Stimuli 
Group 
ABC ABC ABC ABC ABC ABC ABC ABC 
1 
E 94 75 46 33 53 25 14 08 
. P 37* 48 11 09 
E 94 48 54 29 36 21 11 02 
2 P 28 45 17 08 
E 88 58 70 33 48 23 28 13 
^ P A7 22 26 17 
E 75 48 59 43 37 27 39 14 
Š 37 .28 33 21 
E .92 49 50 .08 50 04 .00 04 
^ ix 43 .06 04 03 
E 91 43 32 25 323 42 .05 .05 
P 15 11 .09 04 


*$ = 05, 
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TABLE 5 


EMPIRICAL AND PREDICTED PROBABILITIES 
FOR Groups 7 AND 8 


Stimuli 
Group 

AC AC AC AC 

7 
E -16 46 14 05 
P .08 

8 
E 57 AT Al .08 
P .09 


tape recorded. Altogether four auditory 
dimensions were used in the construction of 
the stimuli. Each dimension could have one 
of two values, (A-- or A—, B+ or B—, C+ 
or C-, and D+ or D—). On Dimension A 
the sounds were either 2000 cps (A+) or 1750 
cps (A—). On Dimension B the tone was 
interrupted three times/sec (B+) or 2 times/ 
sec (B—). On Dimension C the interrup- 
tions were such that the “off” period was 
either 40% of the "on" period (that is 60% 
amplitude modulated) or 80% of the “on” 
period (20% amplitude modulated). Dimen- 
sion D was an intensity difference; D+ having 
a value 5 db. above that of D—. 

The dimensions used in the stimulus 
populations presented to the separate groups 
are given in the second column of Table 2. 
Table 3 shows in detail the stimuli presented 
to Groups 11 and 12, the four-dimensional 
groups. 

General procedure.—A test session would 
consist of two parts. In the first part Ss 
would be exposed either to a single stimulus 
or to two stimuli a given number of times. 
Either 1 min. or immediately after the final 
exposure (depending upon the particular con- 
dition) a test of recognition would be con- 


ducted in which all the stimuli in the popula- 
tion would be presented an equal number of 
times in random order. The S would then be 
given the task of recognizing the stimulus, or 
one of the stimuli, presented in the first part. 
Table 2 presents the specific procedure to 
which each group was exposed. The third 
column gives the procedure for the first part, 
the fourth column gives the interval between 
the final exposure and the beginning of the 
second part and the fifth to the eighth column 
supply details of the procedure for the second 
part. 

In Groups 1, 2, and 3 a voice said TARGET 
before each presentation of the A--B--C-- 
sound in the first part. In Groups 4 and 5 the 
voice also spoke NONTARGET before stimuli 
A-FB--C- or A—B—C-— which were alter- 
nately presented with A+B+C-+. No inter- 
polated speech was used in Groups 7-12. 
Group 6 was treated identically with Group 2, 
but received in addition an illustrated lecture 
on the nature of the parameters making up 
the stimuli. 

Administration of the Lests.—Groups 1, 2, 
3, 4, 5, and 6 were treated identically. The Ss 
were tested in groups of 4, 5, and 6. Each S 
occupied a single open-ended cubicle. The 
sounds were relayed through a single loud- 
speaker situated on the wall facing them. 

Groups 7-12 were tested in groups of 10- 
20. They were seated in a classroom with the 
single loudspeaker on the desk at the front. 
The gain was set so that the sounds of the 
lowest intensity were clearly audible to those 
at the back of the classroom. 

The Ss in all groups were requested to listen 
carefully to the sound(s) presented in the first 
part, so that they might later be able to 
recognize these sounds when they were played 
again. In the test Ss were to respond TARGET; 
if a given sound was identical with that pre- 
sented in the first part, and NONTARGET to all 
sounds differing in any way from the TARGET 


TABLE 6 
EMPIRICAL AND PREDICTED PROBABILITIES FOR Gnours 9 AND 10 


Stimuli 
Group 
ACD ACD ACD ACD ACD ACD ACD ACD 
9 
E .85 .28 66 35, 26 09 21 07 
P 21 10 27 08 
10 pn "n 
E 51 04 E35 13 03 01 .04 .00 
P 02 00 .08 00 
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TABLE 7 
EMPIRICAL AND PREDICTED PROBABILITIES FOR GROUPS 11 AND 12 


Stimuli 
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09 
.09 


EE! 


CD | ABCD | ABCD 
25 
11 
.02 
00 


x s Bus : 
46 
05 
03 


11 
12 
.00 
03 


ABCD | ABCD | ABCD | AB 
46 
.20** 
05 
03 


26 
24 
.09 
.06 


18 
21 
.07 
06 


42 
31 
00 
06 


12 
23 
B 
09 


ABCD | ABCD | ABCD | ABCD 


30 
31 
05 
09 


34 
28 
16 


36 
14 


51 
44 


ABCD | ABCD | ABCD | ABCD | ABCD' 
46 
2 


25 
32 


ABCD 


Group 
1 
E 
D 
2 
E 
E 


sound. Responses YES and NO were sub- 
stituted for TARGET and NONTARGET in Groups 
7-12. Answers were recorded on appro- 
priately designed sheets. 

Subjects.—Seventy-one Ratings of the Bri- 
tish Royal Navy served as Ss in Groups 1, 
2, 3, 4, 5, and 6 while 105 Army recruits 
made up the other groups. The N of each 
group is given in Table 2. 


RESULTS 


In Tables 4, 5, 6, and 7 are re- 
corded the mean proportion of times 
in which each test sound was 
considered the same as the sound 
played in the first part. Beneath 
the empirical probabilities are re- 
corded the predicted values, obtained 
by the method previously outlined. 
The predicted value of .11 for 
A—B-—C-4- in Group 1, e.g., was 
obtained by finding the product of the 
probabilities for stimuli A+B—C+ 
and A—B+C-+ and dividing by .94, 
the value for A+B+C+. The pre- 
dicted value for A—B—C- was 
found by computing .75X.46X.23/ 
(.94)*. Inspection of the data show that 
the predicted probabilities are rea- 
sonably similar to the empirical. 

In order to test whether the two 
sets of data were significantly different 
from one another, the empirical values 
were first subtracted from the pre- 
dicted for each S. The resulting 
values were then tested to determine 
whether they could have been drawn 
from a population whose mean was 
zero. The Wilcoxon method (Siegel, 
1956) was used with a 5% single-tail 
level of confidence. In 2 of the 45 
comparisons the empirical and pre- 
dicted values were shown to be 
significantly different (Tables 4 and 
T). 

The differences between the em- 
pirical and predicted scores for each 
S on each comparison are plotted 
against frequency in Fig. 1. This 
figure approaches a normal distribu- 
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tion with a mean of zero, which 
supports the overall conclusion that 
the data were well approximated by 
the predictions. 


Discussion 


The results indicate that the extent to 
which a stimulus which varies in more 
than one respect from a "standard" is 
confused with that standard, can be pre- 
dicted from the extent to which stimuli 
varying in only one respect from the 
standard are confused with it. This 
conclusion seems to indicate that the 
separate stimulus dimensions of a multi- 
dimensional stimulus are judged in- 
dependently and not influenced by the 
other qualities which make up the total 
stimulus. The model used to predict the 
probability of positive responses to the 
complex stimuli was therefore a test of 
simple independence. The many differ- 
ent conditions employed did not ap- 
parently affect this independence. 
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P-E 


Predicted minus empirical values for each comparison 


made on each S. 


Clearly the model can hold only if the 
stimulus dimensions are sensorily inde- 
pendent. In the present experiments 
this prerequisite was probably fulfilled. 
However, it will be noted in Tables 4, 
6, and 7 that the predictions for stimuli 
in which the A dimension was positive 
are nearly all below the empirical value. 
In two cases (Group I and Group II) 
the divergence between the empirical 
and predicted values was statistically 
significant. Also out of the 16 compari- 
sons in which the A dimension was 
positive only 3 predictions were below the 
empirical values and 1 was equal: on 
a binomial test the predicted values 
were significantly below the empirical 
(p = .05). This may be due to the fact 
that the pitch of a given sound is given 
undue weight since it is the first piece of 
information available. This is certainly 
perceived before the rate or amplitude 
modulation of the interruption but the 
intensity of the sound was presumably 
also immediate yet this seemed to behave 
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as expected. To judge from the sounds 
which diverged from the “target” only 
in pitch or only in intensity, pitch and 
intensity were about equally discrimin- 
able so that it seems unlikely that the 
easier dimension was given the greatest 
weight. Perhaps the most reasonable 
explanation is that the pitch of a sound 
is judged its most "important" quality 
by the majority of the population. 

Since the results were on the whole as 
predicted by the model the overall 
implication of the findings is that 
the multidimensional stimuli were not 
treated by the brain as unique events, 
since the responses they elicited were 


predictable from the responses to their 
"parts" when these were presented in a 
different context. 
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CHANGES IN PERCEIVED SIZE OF ANGLE AS A FUNCTION 
OF ORIENTATION IN THE FRONTAL PLANE? 


PAUL WEENE 
Decision Sciences Laboratory 


AND 


RICHARD HELD 
Massachusetts Institute of Technology 


Continuous subjective bisection of a right angle rotating through 360* 
in a frontal plane was performed by 10 Ss using the Békésy technique. 
The largest and most consistent constant errors in bisection, ranging up 
to 10°, occurred in upper-right and upper-left quadrants. Inter- 
individual and interquadrant differences indicate that the constant 
errors cannot be attributed solely to the effect of the main axes of space. 
An influence of the distribution of oriented contours in Ss’ normal 


visible environment is suggested. 


Many studies have demonstrated 
that perceptual space is anisotropic, 
as evidenced by the fact that either 
the position or the orientation of 
objects in space make a difference 
in the way Ss perceive their spatial 
magnitudes. These effects can be 
described as position ordered or orien- 
tation ordered to characterize the 
condition under which varying per- 
ceptions of a particular spatial mag- 
nitude (length, size, shape, area, 
angular extent, etc.) are obtained. 
A familiar example of an orientation- 
ordered effect is the vertical-hori- 
zontal illusion. Vertical lengths are 
overestimated in reference to hori- 
zontal lengths. The effect, however, 
is not limited to the vertical and hori- 
zontal. Pollock and Chapanis (1952) 
reported orientation-ordered asym- 
metries in the length of a line matched 
to a horizontal standard: The test 
line was presented every 10° from 10° 
counterclockwise from vertical through 
the upper right quadrant to 10° 


1This research has been supported by 
Grant M-3657 from the National Institute 
of Mental Health. The research continues 
under the support of the National Institute 
of Mental Health (Grant M-7642), the 
United States Air Force Office of Scientific 
Research (AF-AFOSR 354-63), the National 
Aeronautics and Space Administration (NSG- 
496), and the Rockefeller Foundation. 
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clockwise from horizontal. The effect 
of orientation on the perception of 
spatial magnitudes other than length 
has also been studied. Extensive 
experiments by Rogers, Volkmann, 
Reese, and Kaufman (1947) demon- 
strated that the errors of perceived 
inclination of a line in the frontal 
parallel plane were orientation ordered. 
In one experiment Ss were required 
to set a line to a specified bearing; 
in another, they were asked to report 
the bearing of a presented line. The 
results indicated small but stable, 
orientation-ordered errors. Onley and 
Volkmann (1958) demonstrated. that 
the accuracy and consistency of 
settings to perceived perpendicularity 
are orientation ordered. In their ex- 
periment, the most thorough investi- 
gation of this variable to date, stimu- 
lus figures composed of two line 
segments forming ' X," HT andi L^ 
were presented in a frontal plane 
and Ss were required to set the vari- 
able segment perpendicular to the 
fixed one. The fixed segment was 
presented in meridional orientations 
ranging from 000 to 358. Systematic 
constant errors in the settings as well 
as differences among individuals, were 
observed. Most of these orientation- 
ordered effects have been attributed 
to the anchoring influence of the main 
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coordinates of space (up-down and 
right-left) on spatial judgments. 

Many other studies with orienta- 
tion as the major variable have been 
performed. In general, these studies 
have concentrated on a few particular 
orientations or set of orientations 
(mainly in the upper-right quadrant) 
to study specific effects demonstrable 
with large groups of Ss. We have 
attemped to determine the orienta- 
tion order in judgments of the size 
of an angle using a method that 
allows inter-S comparisons and gen- 
erates a continuous function over 
360 meridional degrees. This report 
describes the technique developed 
for these purposes and the results 
obtained. 


METHOD 


A psychophysical technique was adapted 
from Békésy which, in essence, consists in 
automatically recording a continuous series 
of responses to a continually changing stim- 
ulus (Békésy, 1947). The S served as a null 
instrument and made continuous "yes" or 
"no" decisions concerning deviations from 
equality of two angles as they changed 
orientation in the frontal parallel plane. 
Complementary angles were chosen as stimuli 
for this experiment. The S sat comfortably 
while chin and brow rests helped maintain 
his head position. Appropriate shielding 
limited vision (binocular) to the stimulus 
field which was 11.5 in. in diameter and 76 in. 
in distance. Three lines, each .12 in. wide, 
appeared as radii in the field. Two of the lines 
formed a right angle and were painted on a 
translucent glass disk which could be rotated 
in S's frontal parallel plane at a constant 
velocity (53.3°/min) around its center. The 
third line, which normally appeared to divide 
the right angle into complements, was 
painted on a clear glass disk placed just in 
front of the translucent disk. The clear disk 
could be rotated around its center coaxially 
with, but independently of the disk carrying 
the right angle The S controlled the 
direction of rotation (clockwise or counter- 
clockwise) of the dividing line with a two- 
position microswitch. The speed of the line 
(2.0?/sec) was practically constant with 
respect to the right angle. In operation, the 
room was darkened and a single 60-w. 


incandescent bulb, operated at 50-v. ac and 
placed 5 in. behind the glass disks provided 
radially uniform transillumination of the field 
(8.3 ftl.). The S was instructed to allow the 
dividing line to rotate in one direction until 
one complementary angle was seen as larger 
than the other at which time he was to reverse 
the rotation. The midposition of the line 
between successive reversals then represented 
subjective equality of the angles, i.e., sub- 
jective bisection of the right angle. The S 
was instructed not to adopt any sort of 
rhythm in switching but to watch the size of 
the angles carefully and to rotate the dividing 
line accordingly while fixating a small gap 
2.6 in. from its center of rotation. The Ss 
were trained for a number of sessions, during 
which the instructions were repeated, until 
consistency in the task was achieved. The S 
then had five experimental sessions each 
consisting of four complete rotations of the 
right angle (two clockwise and two counter- 
clockwise) separated by 5 to 10 min. rest 
intervals. The results from each S were found 
stable over intervals between trials as long as 
several months. Ten undergraduate students 
(2 male, 8 female) served as Ss. All had nor- 
mal acuity either with or without correction. 

The rotations of the dividing line, following 
the switching responses of S, were recorded 
by a pen that moved at right angles to the 
movement of the chart paper on a Grason- 
Stadler recording attenuator. An event 
marker at the side of the chart recorded 
calibrated orientations of the right angle. 
The midline of the chart was the reference 
for zero deviation, i.e., objective bisection of 
the right angle. The dividing line rotated 
back and forth within the rotating right angle 
and when S's judgments of equality agreed 
with objective equality, a zig-zag line was 
drawn centered around the midline of the 
chart paper. 


RESULTS 


The data were combined in a 
simple manner: A line was fitted by 
eye connecting the midpositions be- 
tween reversals along each chart 
trace generated by S. The eye-fit 
lines for the data curves of each S 
were then traced onto a single chart. 
Examples from a typical S are shown 
in Fig. 1. Each line is a tracing from 
one data curve and the consistency 
among the lines is clearly seen. The 
two mean curves obtained from the 
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COUNTERCLOCKWISE 


T T 


IN DEGREES 


DEVIATION FROM TRUE BISECTOR 


Qoo 090 


1 
180 270 360 


MERIDIONAL ORIENTATION OF TRUE BISECTOR 
Fic. 1. Smoothed tracings of responses from a typical S during 


counterclockwise and clockwise rotations. 


clockwise to 360.) 


10 curves for clockwise rotation and 
the 10 curves for counterclockwise 
rotation were then calculated. These 
curves are shown in Fig. 2. The two 
curves for each S appear to differ 
in most cases only by a phase shift of 
approximately 20°. This shift was 
apparently produced by a lag in S’s 
response to the changing appearance 
of the angles. In a different experi- 
ment, subjective bisections made with 
a static right angle, but with a 
moving divider, were found to ap- 
proximate the mean of the two values 
obtained at the same orientation 
during clockwise and counterclockwise 
rotations of the right angle. The 
data are plotted with the orientation 
of the true bisector on the abscissa. 
When the curve is above the zero dif- 
ference line, the more clockwise angle 
was made objectively larger than 
the more counterclockwise angle by 
S, thereby implying that of two equal 
complementary angles of the same 
orientation the more clockwise would 
have appeared smaller. 

The data show consistencies among 
Ss, particularly in the orientations 


(Orientation reads from 000 


at which the peak deviations occur. 
In general, the angle nearer the 
horizontal is made smaller. The 
mean differences between angle set- 
tings vary with orientation, average 
more than 5°, and, with some Ss, 
exceed 10° at the two most con- 
sistent peaks near 045 and 315. 
Subjective equality tended to agree 
with objective equality when the 
right angle was close to being centered 
around the vertical and horizontal 
axes. However, small but significant 
deviations from these axes predomi- 
nated at subjective equality. 


Discussion 


Interpretation of this data in terms of 
the presumed influence of the main 
coordinates of space (up-down, left- 
right) is inadequate for two reasons. 
The first involves the stable differences 
among Ss detectable in the data curves. 
Clearly, individual differences are im- 
portant in orientation-ordered effects and 
they are reliably measured with the 
technique used. The second reason in- 
volves the spatial asymmetries in the 
data. The upper half of the field tends 
to be unlike the lower, the left side unlike 
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Fic. 2. Averaged responses of individual Ss. 
values at the given orientation. 
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K (Each point is the mean of 10 chart-traced 
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the right, and the quadrants tend not to 
resemble each other. On the other hand, 
there is good agreement among Ss on the 
orientation of the two peak differences 
centered around the vertical (000), sug- 
gesting a common factor. Although data 
were not available on the refractive 
status of all Ss' eyes, it is unlikely that 
refractive errors could account for either 
the magnitudes of the size differences in 
individual Ss or the agreement among Ss. 

Some attribute or set of attributes 
inherent in the stimulating environment 
may contribute to the generality of this 
orientation-ordered effect and to other 
spatial anisotropies found in studies of 
perception. One such attribute is the 
density distribution of contours in the 
visible environment. Brief studies of our 
own indicate that the normal orientation- 
ordered effects can be increased by pro- 
longed exposure to a field of parallel lines, 
ie. an environment with a markedly 
atypical distribution of oriented con- 
tours. Kohler and Pissarek (1960) dem- 
onstrated changes in the vertical-hori- 
zontal illusion after Ss had worn lenses 
with meridional magnification. These 
findings coupled with the present data, 
are presumptive evidence for the exist- 
ence of an asymmetric distribution of 
contours in the normal environment of 
city-dwelling Ss. They suggest that a 
greater density of contours occurs within 


a sector at or near horizontal than in any 
other sector. If this presumption is 
correct, considerable differences in the 
perceived size of angles, and by implica- 
tion, in other size perceptions, are pro- 
duced as a function of exposure in 
natural environments. Some of the 
intercultural differences in size of spatial 
illusions may result from exposure to 
differing visible environments (Segall, 
Campbell, & Herskovits, 1963). 
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DOUBLET EFFECTS IN THE VERBAL MAZE DURING 
ACQUISITION AND RELEARNING ! 


CHARLES, P. THOMPSON? 
University of Wyoming 


144 Ss divided into 3 doublet conditions (0, 2, and 4 doublets) under 
each of three retention intervals (1, 1, and 24 hr.) were used. Each S 
learned and relearned a verbal maze under the Correction procedure. 
The results demonstrate that the effect of the doublet upon the serial- 
position error curve is reversed from acquisition to relearning. Further, 


the results show a change from an overall increase in errors (relati 


ye to 


the control maze) at the doublet and adjacent positions to a decrease in 
errors at these positions as the retention interval is increased. 


The effect of the doublet (two 
successive identical responses) upon 
the serial-position error curve during 
acquisition of a verbal maze has been 
firmly established (e.g., Ernst, Hof- 
feld, Seidenstein, & Brogden, 1960; 
"Thompson, Voss, & Brogden, 1957). 
The overall effect of the doublet is an 
increase in errors at the second posi- 
tion within the doublet relative to 
the errors made at comparable posi- 
tions in a control maze. However, 
the doublet effect is diphasic during 
acquisition of a verbal maze. During 
the initial stages of acquisition an 
increase in errors at the second dou- 
blet position is found. This effect 
has been attributed to extraexperi- 
mentally learned response tendencies 
(Ernst et al., 1960). During the later 
Stages of acquisition, a decrease 
rather than an increase in errors is 
found at the second position within 
the doublet. This change may be 
attributed to the similarity of the 
doublet items which facilitates acqui- 
sition when S identifies the doublet 


1 This article is based on a dissertation 
submitted to the Department of Psychology 
at the University of Wisconsin in partial 
fulfillment of the requirements for the PhD 
degree. The author is indebted to W. J. 
Brogden for his direction throughout all 
phases of the research. 

2 Now at Kansas State University. 


as a unique response set (Ernst et al., 
1960). 

The effect of the doublet upon the 
retention of serial lists has not been 
studied. Application of interference 
theory (e.g., Underwood, 1957; Un- 
derwood & Postman, 1960) to the 
problem would lead to the prediction 
that the overall effect of the doublet 
would change from an inhibitory one 
in acquisition to a facilitatory one in 
relearning when the verbal-maze pro- 
cedure is used and the retention inter- 
val is short. Short-term facilitatory 
effects would be predicted on the 
assumption that extinction of extra- 
experimentally learned response tend- 
encies should be nearly complete 
following acquisition. Thus, results 
similar to those found in the later 
portion of acquisition under the 
verbal-maze procedure should be ob- 
tained. Specifically, the doublet effect 
for short retention intervals should 
be a reduction in errors at the second 
position within the doublet. Further, 
the effect of the doublet would be 
diphasic as a function of retention 
interval under these conditions. As 
the retention interval increases, the 
extraexperimentally learned response 
tendencies should tend to recover. 
The number of trials necessary for 
the identification of the doublet by 
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S should therefore increase. This, 
in turn, should lead to an increase in 
errors at the second position within 
the doublet. 

Another variable producing a 
change in the doublet effect during 
relearning is suggested by the results 
of a study by Voss and Ziegler (1960). 
Their results indicate a change from 
an increase to a decrease in errors 
at the second doublet position as the 
number of doublets in a list is in- 
increased from one to eight. This 
change may be attributed to increased 
ease of identification of doublet posi- 
tions as the number of doublets in a 
list increases. These results suggest 
that the facilitatory effect of the 
doublet upon short-term retention 
would increase as the number of 
doublets in the list increases. Fur- 
ther, a hypothesis predicated on these 
results would predict that as the 
number of doublets within a list 
increases the effect of a doublet within 
a list as a function of retention inter- 
val would change. This change 
would be from a diphasic effect to a 
decreasing facilitatory effect as the 
number of doublets within the list 
increases. 

The present study was designed 
to test the above hypotheses over a 
specific range of number of doublets 
within a list and over a specific range 
of retention intervals. In short, it 
was designed to test whether the 
doublet effect changes from learning 
to relearning, whether the relearning 
effect varies as a function of number of 
doublets in the list, and whether this 
effect varies as a function of the 
retention interval. 


METHOD 


Subjects —One hundred and forty-four 
undergraduate students enrolled in psy- 
chology courses at the University of Wiscon- 
sin served as Ss, All were naive with respect 


to the experimental task. All Ss received 
experimental points in return for their 
services. 

Experimental design.—An orthogonal re- 
peated-measures design with 144 Ss divided 
into three doublet conditions (zero, two, and 
four doublets) under each of three retention 
intervals (3, 1, and 24 hr.) was used. The Ss 
were assigned randomly within a replication 
to one of the nine groups. Each S was 
required to learn and relearn a 16-unit, four- 
choice verbal maze using the correction 
procedure. The four choices were the num- 
bers 10, 20, 30, and 40. The control (zero 
doublet) maze was so constructed that each 
choice occurred an equal number of times and 
no repetitive pattern occurred in the maze. 
The experimental mazes were constructed, 
under the same restrictions, by inserting two 
or four doublets into the control maze and 
making as few other alterations as possible. 
The doublets were inserted at Positions 7 and 
8and 10 and 11 for the two-doublet condition. 
Doublets were inserted at these positions plus 
Positions 3 and 4 and 14 and 15 for the four- 
doublet condition, As a control measure, 
four permutations of these mazes were used 
so that each number occurred in each position 
of the maze, Four Ss within each group were 
randomly assigned to each permutation of 
the appropriate maze. 

Instructions and procedure.—The Ss were 
seated at a table in the experimental room and 
given the following instructions: 


This is a retention study. Therefore, you 
will learn a list at this time and relearn it 
in (15 min., 1 hour, 24 hours), Since our 
primary interest is in the amount forgotten 
over the retention interval, it is very im- 
porlant that you do not rehearse the list 
during this interval. The list that you will 
be required to learn is a list of numbers. 
The numbers used are 10, 20, 30, and 40. 
Each number will be used more than once 
in thelist. When I tell you to begin, start 
naming these four numbers. When you 
name the correct number for the first 
position in the list, I will say correct. Then 
start naming the numbers again. When 
you name the second correct number in the 
list, I will again say correct, This procedure 
will be continued until the end of the list 
is reached. I will indicate that you have 
reached the end of the list by saying stop 
rather than correct on the last number. 
This will constitute one trial. Please re- 
spond as fast as you can, but go slowly 
enough for me to insert a correct after a 
correct response, When the first trial is 
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completed, there will be a short rest before 
the second trial is started. We will con- 
tinue with similar trials until you are able 
to make one repetition of the list without 
error. Are there any questions? 


At this point, all questions pertaining to the 
instructions were answered. The procedure 
described in the instructions was then fol- 
lowed until S reached the criterion of one 
errorless trial. Following acquisition, .Ss 
were again reminded that it was essential for 
the experiment that they did not rehearse 
during the retention interval. 

Control of Ss' retention-interval activity 
was not possible during the 24-hr. interval. 
In an attempt to make all conditions as com- 
parable as possible, the activity of Ss during 
the retention interval was not controlled in 
any manner for any retention interval. 

Prior to relearning, each S was asked 
whether he had in fact rehearsed the list 
during the retention interval. No S replied 
in the affirmative. The following instructions 
were then given: 


You are now to relearn the list that you 
learned in the previous session. The 
procedure for relearning the list is the same 
as that used for learning it. Are there any 
questions? 


As before, all questions pertaining to the 
instructions were answered. 

A 30-sec. intertrial interval was main- 
tained throughout acquisition and relearn- 
ing. In both sessions, each S learned the 
assigned maze to the criterion of one errorless 
recitation. 

Time for each trial and each error at each 
serial position for each trial were recorded for 
each S during the acquisition and relearning 
sessions. One stopwatch was used to time 
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the intertrial interval and record the trial 
duration. 


RESULTS 


Separate analyses of variance were 
performed on the combined learning 
and relearning data for time, trials, 
and total errors. Treatment (num- 
ber of doublets), Acquisition vs. 
Relearning, and the Treatment X Ac- 
quisition vs. Relearning interaction 
were significant at beyond the .01 level 
in all analyses. No other source of 
variance was significant for any meas- 
ure. Since Bartlett’s test has indi- 
cated heterogeneity of variance in 
several previous verbal-maze studies 
(e.g., Namikas, Thompson, & Brog- 
den, 1960; Thompson & Brogden, 
1958), the lead of previous reports was 
followed in accepting the .01 level of 
significance in lieu of the .05 level in all 
analyses. 

The significance of the acquisition 
vs. relearning term shows the rapid 
speed of relearning as opposed to 
learning. The means for acquisition 
and relearning are presented in Table 
1- 

The significance of the Treatment 
X Acquisition vs. Relearning inter- 
action established that the treatment 
effect differed during acquisition and 
relearning. The means for the Treat- 
ment X Acquisition vs. Relearning in- 


TABLE 1 


Summary or Duncan RANGE TEST ON THE ACQUISITION AND RELEARNING 
MEANS For TME, TRIAL, AND TOTAL ERRORS 


Acquisition Cond. Relearning Cond. 
Two Zero Four || Gre | “two Zero For | 9e 
125 142 184 150 6 9 11 9 
571 701 801 709 65 104 100 90 
13 18 19 17 2 3 4 3 
ines differ elguifcanely fis, the same line are not significantly different. Means not underlined with the 
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teraction are given in Table 1 along 
with the results of Duncan range 
tests (Duncan, 1955) which were sub- 
sequently performed on these means. 
The Duncan range tests show that 
the treatment means did not differ 
during relearning but did differ dur- 
ing acquisition. Also, the treatment 
means obtained during acquisition 
differ from those obtained during re- 
learning. A decrease and then an 
increase in acquisition measures is 
shown as the number of doublets in 
the maze was increased from zero 
to four. 

The significance of the treatment 
term may, without doubt, be at- 
tributed to the effect of treatment 
during acquisition alone. 

Since the interval effect was a 
dummy variable during acquisition, 
separate analyses of variance for all 
measures were performed on the 
relearning data alone. An interval 
effect significant at beyond the .01 
level was found for the time and 
total-errors analyses. No other sig- 
nificant source of variation obtained 
for any analysis. 

The significant interval effect for 
time and total errors demonstrates 
the expected increase in amount 
forgotten as a function of an increase 
in retention interval. 

Since the effect of the doublet on 
the serial-position error curve has 
been clearly established, analyses 
in this study focused on changes in the 
doublet effect as a function of number 
of doublets and acquisition vs. relearn- 
ing. A logical comparison of any 
serial-position effect during acquisi- 
tion and relearning should involve 
comparison of the magnitude of this 
effect relative to the magnitude of 
the total score for each condition. 
The %E — %C transform described 
by Ernst et al. (1960) was used for 
this purpose. All subsequent analyses 


were based on this transformation 
of the data. 

An analysis of variance was per- 
formed on the combined acquisition 
and relearning serial-position data 
for %E — %C total errors. Serial 
Position, Serial Position X Interval, 
Serial Position X Acquisition vs. Re- 
learning, and Serial Position X Ac- 
quisition vs. Relearning X Interval 
were significant at beyond the .001 
level in this analysis. No other 
source of variation was significant. 

Variation in the serial-position er- 
ror curve occurred at other than the 
doublet positions in the experimental 
groups. Therefore, an analysis was 
performed on the doublet and adja- 
cent positions to determine whether 
a portion of the significant variation 
in the serial-position error curve 
could be attributed to the doublet. 
Since the doublet may cause system- 
atic variation in errors with respect 
to immediately adjacent positions, 
the position immediately preceding 
and immediately following the dou- 
blet positions were included in the 
doublet analysis. Since number of 
doublets (treatment) was not a sig- 
nificant variable in the %E — %C 
analysis, the doublet analysis was per- 
formed on the %E — %C data from 
the doublet locations in the two- 
doublet condition combined with the 
%E — %C data from the comparable 
doublet locations in the four-doublet 
condition. 

Interval X Acquisition vs. Re- 
learning and Serial Position within 
the Doublet X Acquisition vs. Re- 
learning were significant at beyond 
the .01 level in the doublet analysis. 
No other source of variance reached 
significance. 

The significance of the Interval 
X Acquisition vs. Relearning inter- 
action established an interval effect 
which differed during acquisition and 
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Fic. 1. Change in total errors (%E — %C) 
as a function of retention interval in acquisi- 
tion and relearning. (Means based on the 
doublet and adjacent positions and taken 
from the two-doublet condition and the com- 
parable two doublet locations in the four- 
doublet condition.) 


relearning. This interaction is pre- 
sented in Fig. 1. An increase and 
then a decrease in errors relative to 
the control group as the retention 
interval increases is shown for re- 
learning. As would be expected, no 
consistent change is shown for the 
acquisition data. The trend in the 
relearning data contradicts the pre- 
diction made from interference theory. 

The significance of the Serial Posi- 
tion within the Doublet X Acquisi- 
tion vs. Relearning interaction es- 
tablished a doublet effect which 
differs during acquisition and relearn- 
ing. This interaction is presented 
in Fig. 2. Inspection of this figure 
clearly shows the reversal of the 
doublet effect from acquisition to 
relearning. Whereas a decrease in 
errors for the first position of the 
doublet and an increase in errors for 
the second position of the doublet 
is shown for acquisition, the opposite 
holds true for relearning. 


Discussion 


The hypotheses upon which the ex- 
periment was predicated were confirmed 
in part by the results. As predicted, the 


effect of the doublet upon the serial: 
position error curve was reversed in 
acquisition and relearning. This reversal 
strongly supports an interpretation of the 
doublet phenomenon in terms of interfer- 
ence theory. The increase in errors at 
the second position of the doublet during 
acquisition may be attributed to the 
inhibitory effect of extraexperimentally 
learned response tendencies during the 
initial stages of learning. The decrease 
in errors at the second doublet position 
during relearning may be attributed to 
extinction of these extraexperimentally 
learned response tendencies. 

The doublet effect did not vary as 
predicted during relearning. Retention 
interval and number of doublets in the 
list did not cause significant variation in 
the effect of the doublet upon the shape 
of the serial-position error curve. While 
à wider range of retention intervals might 
produce positive results, it may be rea- 
sonably assumed that varying the num- 
ber of doublets within a list will not cause 
variation in the doublet effect during 
retention. 

In direct contrast to the a priori hy- 
pothesis, percentage of total errors made 
at the doublet and adjacent positions 
relative to the percentage of total errors 
at comparable control positions de- 
creased as retention interval increased. 
A reasonable post hoc hypothesis is that 
the uniqueness of the doublet enables it 
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Fic. 2. Total errors (%E — %C) by serial 
Position within doublet as a function ol 
acquisition and relearning. (Means deriv! 
from the two-doublet condition and the two 
doublets of the four-doublet condition located 
at comparable positions.) 
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and adjacent positions to be retained 
better than other positions in the list. 
It is interesting to note that, given com- 
plete forgetting, the %E — %C errors 
made at these positions must be equiva- 
lent to the comparable errors made 
during acquisition. Therefore, one must 
logically predict that %E — %C errors 
at the doublet and adjacent positions 
would decrease and then increase as a 
function of increasing retention interval. 

Finally, the results establish an effect 
of the number of doublets within a list 
upon acquisition. An increase and then 
a decrease in the rate of acquisition is 
demonstrated as the number of doublets 
in a list is increased from zero to four. 
This differs from the findings of Voss 
and Ziegler (1960) since they found no 
significant differences among zero-, two-, 
and four-doublet conditions. The larger 
number of Ss in the doublet conditions 
in this study undoubtedly accounts for 
the significant difference obtained in this 
study. 

To summarize, the present study 
clearly established that the doublet effect 
varies in a systematic manner from 
acquisition to relearning and that this 
variation is predicted by interference 
theory. In addition, WE — %C errors 
at the doublet and adjacent positions as 
a function of retention intervals longer 
than those used in the present experi- 


ment can be logically predicted from the 
present data. Finally, rate of acquisition 
varies as a function of the number of 
doublets in the list. 
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4 groups of 20 Ss each were presented with a set of 21 multiple-solution 
anagram problems and 2 additional groups of 20 Ss each received 21 


single-solution problems, in which 


S-R mediational model of problem-solving behavior was employed to 
make predictions concerning the effects of 4 variables, viz., anagram 
letter order, solution-word Thorndike-Lorge frequency, anagram 
digram frequency, and solution-word digram frequency, on anagram 
solution times. All predictions of the model were confirmed and the 
results showed that for multiple- as well as single-solution anagram 
problems, solution times are faster for easy letter orders, high solution- 
word Thorndike-Lorge frequencies, low anagram digram frequencies, 
and high solution-word digram frequencies. 


A series of earlier studies (Mayzner 
& Tresselt, 1958, 1959, 1962, 1963; 
Mayzner, Tresselt, & Helbock, 1964) 
examined anagram problem solving 
within the framework of an S-R 
mediational model of problem-solving 
behavior (Kendler, 1961; Kendler & 
Kendler, 1962). In these studies 
four variables, viz., anagram letter 
order, solution-word frequency, ana- 
gram transition probability, and solu- 
tion-word transition probability, were 
identified and related to anagram 
solution times. Since the anagrams 
employed had only a single possible 
solution, predictions concerning the 
effects of these four variables had to 
be related to differences in solution 
times between different sets of ana- 
grams which varied in a systematic 
way along the dimensions of these 
variables. 

The present study, in contrast, 
employs anagrams with multiple solu- 
tions, which allows for predictions 
to be made concerning the effects 
of these four variables within the 
same anagram problem. For ex- 
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the anagram was itself a word. An 


ample, in one of the earlier studies 
(Mayzner & Tresselt, 1958), it was 
shown that solution-word frequency, 
as measured by the Thorndike-Lorge 
(1944) counts, has a highly significant 
effect on anagram solution times. 
More specifically, anagrams whose 
solution words have high frequenci 
of occurrence in English, such as 
CHAIR, SUGAR, TRAIN, etc., were solved 
from three to five times faster on the 
average than anagrams whose solu- 
tion words have low frequencies o! 
occurrence, such as TANGO, PEONY, 
TRIAD, etc. In the present stud 
anagrams (e.g., LTAEB) will be em 
ployed which have two solutions, i.e+ 
TABLE with a high Thorndike-Lorg' 
count and BLEAT with a low Thorn: 
dike-Lorge count. For such anagram 
problems, an S-R mediational mod 
would predict that solution words 
with the higher Thorndike-Lorge coun 
(e.g., TABLE) would occur first and of 
necessity have shorter solution times 
than solution words occurring secon! 
(e.g., BLEAT). Expansion of 
model predictions to multiple-solu- 
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tion anagrams will provide additional 
tests for the model and if confirmed 
will extend the model's generality of 
application from single- to multiple- 
solution problem situations. 


METHOD 


Subjects. —The Ss were 120 students from 
introductory psychology classes at New 
York University. No S had served in any 
previous anagram study. 

Stimulus material.—The stimulus material 
consisted of 21 anagram problems, each 
problem having two solutions with one excep- 
tion where through an oversight one problem 
had three solutions (ELBOW, BELOW, and 
BOWEL). Since the third and overlooked 
solution (BOWEL) was given by only 6 of 
the 120 Ss participating in the study, data 
for this solution were not included in the 
analyses that were made, In 10 of the 21 
problems, both solution words had high and 
approximately equal Thorndike-Lorge (1944) 
frequency counts and in the remaining 11 
problems, one solution word had a high- 
frequency count while the other solution 
word had a low-frequency count, All solution 
words and associated Thorndike-Lorge fre- 
quency counts are presented in Table 2; 

Procedure,.—The 120 Ss in the study were 
assigned randomly to one of six different 
experimental conditions (EC), each consisting 
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of 20 Ss, In EC I and II, S was presented 
with one of the two solution words associated 
with each anagram problem and required to 
obtain the other solution word. These condi- 
tions were employed to determine the effects 
on solution time, when the anagram is itself 
a word rather than a meaningless array of 
letters, In EC III and IV, S was presented 
with anagrams having low or high digram- 
frequency totals (Mayzner & Tresselt, 1959), 
respectively, and required to obtain both 
solution words. These conditions were em- 
ployed to determine if the effects on solution 
time resulting from differences in anagram 
digram-frequency totals are the same with 
multiple-solution anagrams as with single- 
solution anagrams (Mayzner & Tresselt, 
1959). In EC V and VI, S was presented 
with easy letter order anagrams (Mayzner & 
Tresselt, 1958), having three of the five letters 
in the anagram in the same letter position as 
in one or the other of the two solution words, 
respectively, and required to obtain both 
solution words. Thus, for EC V, three letters 
were fixed in position in the anagram favoring 
one of the two solution words, while for EC 
VI, three letters were fixed in position in the 
anagram favoring the alternate solution word. 
These conditions were employed to determine 
if the effects on solution time resulting from 
easy vs. hard anagram letter orders are the 
same with multiple-solution anagrams as with 
single-solution anagrams (Mayzner & Tres- 
selt, 1958). 


TABLE 1 


SUMMARY OF EXPERIM 
EMPLOYED IN C 


ENTAL CONDITIONS AND RELEVANT MEASURES 
ONSTRUCTING THE ANAGRAM PROBLEMS 


Experimental Cond. 


I—Solution Word to Solution Word 
II—Solution Word to Solution Word 


III—Low Digram-Freq. Anagram to Both Solution 


Words 


IV—High Digram-Freq. Anagram to Both Solution 
Words 3 "n 
V— Three Letters Fixed in Anagram Favoring Solution 


Word sHAPE (HPE) 


VI— Three Letters Fixed in Anagram Favoring Solution 


Word PHASE (HSE) 


‘Anagram | Solution | Drame 

Problems Words Totals 
SHAPE | PHASE 1872 
PHASE | SHAPE 2497 
AEPHS | SHAPE-PHASE| 123 
HESAP | SHAPE-PHASE | 4081 
AHSPE | SHAPE-PHASE || 404 
AHPSE |SHAPE-PHASE| 685 


Solution-Word Digram-Position Frequencies 


Solution Words | T-L Freq. | 1 2 3 4 | 142 | 1424344 | Digram-Freq. Total 
33 8 2 95 105 1872 
huis d $$ 33 | 48 | 149 | 42 239 2497 


68 


Four variables (i.e., anagram letter order, 
solution-word frequency, anagram transition 
probability, and solution-word transition 
probability) were examined in the present 
study and Table 1 presents a summary of the 
six experimental conditions and all of the 
relevant measures employed in constructing 
the 21 anagram problems, and shows how 
these conditions and measures apply to a 
particular problem. As may be seen, each 
problem is presented in a different anagram 
form for each of the six experimental condi- 
tions, and associated with each anagram form 
is a digram-frequency total which represents 
the summed value of the four sequential 
digrams (e.g., AE, EP, PH, and Hs) constituting 
that particular anagram form (i.e., AEPHS). 
These digram-frequency counts are based on 
tables (Mayzner & Tresselt, in press) involv- 
ing a sample of 20,000 words and represent the 
total frequencies with which these digrams 
occur in this 20,000 word sample. In EC III 
and IV, the letters were ordered so as to 
yield low (123) and high (4081) summed 
values or digram-frequency totals, since 
interest is focused on the effects of anagram 
digram frequencies. In contrast, in EC V 
and VI, where interest is focused on easy vs. 
hard letter orders with three of the five letters 
in the anagram in the same position as in the 
solution word, anagram digram-frequency 
totals are kept relatively equal (404 vs. 685) 
for the two conditions, allowing only anagram 
letter order to vary. For example, the 
anagram AHSPE represents an easy letter order * 
for the solution word sHAPE, since the letters 
"HB," "p," and "E" are in the same letter 
position in the anagram as in the solution. 
word, while with the anagram AHPsE, the 
letters “x,” "s," and "E" are in the same 
letter position in the anagram as in the 
alternate solution word PHASE. 

It may also be seen in Table 1 that the two 
solution words (SHAPE and PHASE) have a 
number of values listed. The Thorndike- 
Lorge frequency (T-L Freq.) shows values for 
these words, with SHAPE occurring more than 
100 times per million words (i.e., AA) and 
PHASE occurring 15 times per million words. 
The values appearing under Digram-Position 
Frequencies refer to the frequency counts, 
taken from the Mayzner and Tresselt (in 
press) tables, with which the four sequential 
digrams, e.g., sH, HA, AP, and PE, Or, PH, HA, 
AS, and SE occur in the tables in the first and 
second, second and third, third and fourth, 
and fourth and fifth positions of five-letter 
words. The columns headed 1+2 and 
1+2-+3-+4 are merely the sums of di- 
gram positions 1 + 2 (i.e., 62 +33 — 95) and 
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14-2 4-3 4- 4 (i.e., 62 + 33 +8 - 2 = 105). 
The final column headed Digram-Freq. Total 
refers to the summed frequencies for the four 
sequential digrams based on the total 20,000 
word sample. The importance of the distinc- 
tion between digram-position frequencies, 
which take word-length and letter-position. 
variations into account, and digram-frequency 
totals which do not was examined in a 
previous study (Mayzner & Tresselt, 1963), 
All of the frequency values listed in Table 1 
were employed in the various analyses that 
were made and their specific relationship to 
the S-R model being employed will be ex- 
plained subsequently. 

All anagrams were typed in caps on 3 X 5 
in. cards. All Ss were tested individually and 
the order of problem presentation corresponds 
with the ordering of the 21 pairs of double- 
solution problems shown in Table 2, In ECT 
each S received as his anagram problem the 
second word of each of the 21 pairs and was 
required to obtain the first word as a solution, 
while in EC II, each S received as his anagram 
problem the first word of each of the 21 pairs 
and was required to obtain the second word 
as a solution. In EC III, IV, V, and VI 
each S received an anagram, appropriate to 
his experimental condition, and was required 
to obtain both solution words. In all six 
conditions S was allowed 240 sec. to reach 
either a single solution, as in EC I and II, 
or two solutions, as in EC III, IV, V, and VI. 
In those conditions where double solutions 
were possible and S solved both problems 
within 240 sec., he received two time scores, 
with the time score for the second solution 
equal to the time taken to obtain the first 
solution plus the additional time needed to 
obtain the second solution. If.S solved only 
one problem, he received the time score re- 
quired to solve this problem and he received 
240 sec. as his time score for the unsolved 
problem. If S failed both problems, he 
received two time scores, each of 240 sec. 
On all failed problems, S was given the 
solution or solutions before preceding to the 
next problem. All solutions were given by $ 
verbally (i.e., S had no paper or pencil) and 
solution times were recorded with a stop- 
watch. 


RESULTS 


Table 2 presents the principal 
findings of the study and shows the 
median solution times for each of the 
solution words under all six experi- 
mental conditions. Median rather 
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TABLE 2 
7 'THORNDIKE-LORGE FREQUENCIES (T-L) AND MEDIAN SOLUTION TIMES 
FOR ALL SOLUTION WORDS FOR ALL Six EXPERIMENTAL CONDITIONS 
j Median Solution Times 
TL Solution 
Words 

Cond. I Cond, II | Cond. III | Cond. IV | Cond.V | Cond. VI 

AA EARTH 44.0 240.0 240.0 228.5 225.0 

AA HEART 14.5 28.5 168.5 34.5 9.5 

| AA SHORE 11.0 8.5 39.0 6.5 78.5 
AA HORSE 10.5 26.5 105.0 27.5 21.0 

A TRIAL 218.0 93.5 149.5 2.5 240.0 

A TRAIL 47.0 7.0 153.0 49.0 7.0 

A CHARM 12.5 84.0 27.0 40.0 146.0 

AA MARCH 8.5 82.5 24.0 45.0 53.0 

AA BOARD 61.0 19.5 22.0 16.0 3.5 

j A BROAD 22.5 40.5 25.0 51.0 28.0 
AA THING 50.0 9.0 16.0 9.0 131.0 

AA NIGHT 47.0 17.0 42.0 4.0 3.0 

A ANGER 131.5 240.0 122.0 83.0 114.0 

A RANGE 9.0 46.0 56.0 21.0 8.0 

AA TIRED 44.0 23.0 35.5 4T.5 45.0 

AA TRIED 25.0 18.0 71.0 65.5 43.0 

AA WRONG 24.0 15.0 23.5 1.5 23.5 
A GROWN 16.0 6.0 10.5 39.5 6.5 

A TOWER 105.5 119.0 163.5 2.0 73.5 

AA. WROTE 81.0 16.5 9.0 15.0 5.0 

AA 15.0 7.5 6.0 5.5 14.0 

15 HE 59.5 11.0 115.5 79.5 21.0 

A FA 7.5 12.0 8.0 1.5 14.5 

17 En 12.5 10.5 15.5 18.5 2.0 

AA 240.0 240.0 69.0 98.5 240.0 

32 Ga 240.0 142.5 240.0 240.0 30.5 

A 23.0 4.0 31.0 2.0 1.5 

32 egg 41.5 28.5 70.0 125.0 9.5 

AA E 5 69,5 117.0 18.0 159.0 

26 PERO ji 31.5 103.5 68.5 112.0 104.5 

AA. 14. 10.5 27.5 2.0 53.0 

25 SER id 32.0 32.5 49.0 76.0 5.0 

19.0 38.5 30.5 184.0 
1 CRATE un 22.0 18.0 48.5 37.0 60.0 

13.0 17.5 6.5 26.0 

ERE iu 53.5 65.5 101.0 206.5 240.0 

15.5 11.0 16.5 30.5 

"Ee Ten 6.0 40 14.0 8.0 2.5 

6.5 22.0 21:5 133.5 

CREE SEPM G 92.5 58.5 45.0 30.5 

28.5 123.5 5:5 30.5 

EAE Se ce 32.5 100.5 240.0 55.0 15.5 
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than mean solution times were se- 
lected as most representative of the 
distribution of scores obtained from 
the 20 Ss under each condition, since 
most distributions were skewed as 
well as having an artificial ceiling 
imposed of 240 sec. 

In previous studies (Mayzner & 
Tresselt, 1958, 1959, 1962) predic- 
tions derived from an S-R media- 
tional model were made of anagram 
solution times based on the combined 
results for groups of anagram prob- 
lems and no attempt was made to 
make predictions for individual ana- 
gram problems. However, in the 
present study each anagram problem 
will be treated as representing an 
individual test of the various hy- 
potheses deduced from the model. 
In adopting this procedure the sign 
test (Siegel, 1956, p. 68) will be 
employed to evaluate the degree to 
which model predictions are con- 
firmed by the pattern of individual 
anagram solution times. 

Since the effects of anagram letter 
order appear to be among the strong- 
est effects examined, this analysis 
will be presented first. In EC V 
the model predicts that the first 
solution word of each of the 21 pairs 
should be solved faster than the 
second solution word, since the first 
has three of the five letters of the 
associated anagram in the same letter 
position as in the solution word. 
The opposite obtains for EC VI, 
and therefore, the second solution 
word of each pair should be solved 
faster than the first. In both EC V 
and VI, 17 of the 21 pairs yield dif- 
ferences in the predicted direction 
for the respective conditions, and a 
17-4 split as evaluated with the sign 
test yields p < .004. 

Comparing EC III with IV, the 
model predicts that all solution times 
under EC IV should be higher than 
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the associated solution times under 
EC III, since the digram-frequency 
totals associated with the anagrams 
under EC IV are all higher than the 
digram-frequency totals associated 
with the anagrams under EC III. 
Since 21 problem pairs are available, 
42 individual tests of the prediction. 
are possible, and excluding the one 
tie occurring with the solution word 
EARTH, 30 of the remaining 41 com- 
parisons are in the predicted direction, 
yielding a p < .003. 


The effects of Thorndike-Lorge 


solution-word frequency on anagram | 


solution times for the last 11 problem 
pairs (ie. SHAPE-PHASE through 


CAUSE-SAUCE) may be examined most ` 


clearly in EC I-IV. In EC V and VI 
solution-word frequency and anagram 
letter order are ; 
therefore, the effects of the two vari- 
ables cannot be separated. For EC 
I-IV the model predicts that the first 
solution word of each pair, with the 
higher T-L count, should be solved 
faster than the second solution word 
of each pair, with the lower T-L 
count. Comparing EC I and ll, 
excluding the tie that occurs with the 
OCEAN-CANOE pair, 8 of the remaining 
10 pairs are in the predicted direction 
(P < .055). In EC III 7 of the 11 
pairs are in the predicted direction 
(b < .274) and in EC IV 10 of the 11 
pairs are in the predicted direction 
(p « .006). 

In examining the effects of solution- 
word digram frequencies on anagram 
solution times, an analysis technique 
was employed that was developed in 
a previous study (Mayzner & Tres 
selt, 1963). In this technique ana- 
gram solution times were correlat 
with various measures which reflect 
digram-frequency characteristics © 
the solution words. As was previ 
ously indicated, Table 1 presents 
instances of seven such measures fof 


confounded and = 
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TABLE 3 


RANK-DIFFERENCE CORRELATIONS (RHO) BETWEEN SOLUTION-WORD 
DIGRAM-POSITION FREQUENCIES AND ANAGRAM SOLUTION TIMES 
FOR THE SIX EXPERIMENTAL CONDITIONS 


Solution-Word Digram-Position Frequencies 
Experimental 
Cond. 
(N) 1 = 3 4 142 14243 +4] Total 
I 
F (21) 40 23 SIRE 2184.5 3.29, A OETA 
I Phi 
F (10) 32 | —40 | —28 29 01 26 60 
ut (11) 19 40 | —35 | —25 119 Mi —:36 
F-F (20) 21 52 yel deci EP Horas 
F (11) 160 rom E TETEA 76 03 | —.07 
A n (it) 43 46 37:0 80723 | 56 56 18 
L7] 
F-F Q0) | —.06 21 06 | +14 | .06 BO) DI 27 
F (11) 37 23 | —30 | —48 16 —46 | —.21 
l (11) 155 48 | —.07 | —36 ‘57 ‘35 ‘02 
va 
F-F (20) 06 21 42 27 43 29 | —410 
F (11) 40 20 | —16 | —02 Kn Palle eae) 
y (11) ‘AT "36 | —14 | —19 | 46 28 | —.04 
I 
F-F (20) | —27 21 AT) |) 307 | c1 C8. 1:22553 
F (11) 351 32 |/—46 | —19 | .34 =.19 08 
I (11) AT 40 | —.04 | —.11 53 ‘45 ‘03 


Note,—N refers to the number of 
21, values of rho significant at the .05 
T refers to infrequent T-L words, and 


level are .69, 
F-F refers to the 


the problem pair SHAPE-PHASE and 
Table 3 presents the rank-difference 
correlations between these seven meas- 
ures, associated with solution-word 
digram-frequency characteristics, and 
anagram solution times, for EC I-VI. 
Since T-L solution-word frequency is 
a variable affecting anagram solution 
times, the correlations presented in 
"Table 3 were calculated separately for 
the three solution-word T-L frequency 
subgroupings (ie., F-F, the words 
derived from the word pairs in which 
both solution words of each pair 
have high T-L counts, F, the fre- 
quent T-L words, and I, the infre- 
quent T-L words, derived from the 
word pairs in which one solution word 
has a high T-L count and the other 
solution word has a low T-L count). 

The results shown in Table 3 
confirm the findings of the earlier 


anagram problems on which the rhos are 
és .65, .47, and .45, 


based and for Ns of 10, 11, 20, and 
respectively. F refers to frequent T-L words, 
'of frequent T-L words combined 


two groups 
mentioned study (Mayzner & Tres- 
selt, 1963), which had found that 
anagram solution times show much 
higher correlations with digram-fre- 
quency measures that reflect word- 
length and letter-position variations 
than with measures that do not take 
such variations into account. For 
example, in Table 3, 12 of the 15 
correlations based on summed se- 
quential digram-position frequency 
counts (i.e., the values under 1424 
3--4) are higher than the correlations 
based on total counts, with a 12 out 
of 15 split, as evaluated with the 
sign test, yielding a p < 018. 

Table 3 also permits comparisons 
to be made between the correlations 
obtained when each sequential digram 
frequency is correlated separately 
with anagram solution times as well 
as when only the first two sequential 


72 M. S. MAYZNER AND M. E. TRESSELT 


digrams are summed and these sum- 
med values are then correlated with 
anagram solution times. Comparing, 
e.g., the values under 14-2 with those 
under 1+2+3-+4 (excluding the one 
tie of .56), 12 of the 14 comparisons 
show higher values under 1+2 than 
under 1+2+3+4 (p < .006) and 
comparing 1+2 with total, 14 of the 
15 comparisons show higher values 
under 1 4-2 than under total (p <.001). 
These results strongly suggest that 
the digram frequencies 1+2 are the 
"best" predictors of anagram solu- 
tion times. Carrying this analysis 
one step further, anagram solution 
times were correlated with the digram 
frequencies associated with each of 
the four separate sequential digram 
positions, as shown under 1, 2, 3, and 
4. These results reveal a pattern 
of decreasing correlation values from 
Digram Positions 1 through 4, with 
a marked break in values occurring 
between Digram Positions 2 and 3. 
If all digram-position comparisons 
are made, i.e., 1 vs. 2, 1 vs. 3, 1 vs. 4, 
2 vs. 3, 2 vs. 4, and 3 vs. 4, splits of 
9-6, 11-4, 13-2, 15-0, 13-2, and 11-4, 
respectively, are obtained for the 
number of high correlations vs. low, 
for each of the respective compari- 
sons. These six splits, as evaluated 
with the sign test, yield p values of 
less than .304, .059, .004, .001, .004, 
and .059, respectively, and again 
strongly suggest that Digram Posi- 
tions 1 and 2 are the best predictors 
of anagram solution times, with 
Digram Positions 3 and 4, in general 


Showing negative correlations with 
solution times. 


Discussion 


In the present study an S-R media- 
tional model of problem-solving be- 
havior (Kendler, 1961; Kendler & 
Kendler, 1962) was employed to make 
predictions concerning anagram solution 


times for multiple-solution anagram 
problems. The results presented in 
Table 2 provide strong support for all 
model predictions and extend the model's 
generality of application from single- to 
multiple-solution anagram problems, 
These results also indicate that if mul- 
tiple-solution anagrams are used to test, 
e.g. certain aspects of mental-set phe- 
nomena as has been done by Maltzman | 
and Morrisett (1952, 1953), confounding 
of set variables, with such variables as 
solution-word T-L frequencies, solution- 
word digram frequencies, etc., may occur 
unless explicitly controlled. 

The results presented in Table 3 
deserve special comment, since while 
they confirm previous findings (Mayzner 
& Tresselt, 1963), the results also suggest 
an important modification in the manner 
in which this variable affects solution 
times. It would appear from the pattern 
of decreasing correlation values shown 
in Table 3, from Digram Positions 1 
through 4 and from 1+ 2 to 1+2 
+ 3+ 4 for all six experimental condi- 
tions, that the first and second digram 
positions in the solution word are the 
critical elements leading to either fast 
or slow solution times, rather than all 
the digrams constituting the solution 
word. This result poses an interesting 
extension for the model to anagram 
problems consisting of more than five 
letters. It might be found, e.g., that as 
the length of the anagram problem in- 
creases from five to nine letters, that the 
sharp break which occurs in correlation 
values between Digram Positions 2 and 
3 with five letters would occur between 
Digram Positions 3 and 4 or 4 and $ 
with nine letters. Such a finding woul 
suggest that as the anagram letter array 
is increased in length S correspondingly 
increases the size of the letter “chunk 
he chooses for his implicit letter T€ 
arrangements, 

Closely related to the size of letter 
chunk selected by S for rearrangements: 
and the letter position at which a sharp 
break occurs in correlation values, is th 
size of letter group employed to chat 
acterize solution-word structure. In thé 
present study and in all previous wor 
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on anagram problem solving by the 
authors, two-letter groups or digrams 
were used exclusively, however, in fur- 
ther extending the range of application 
of the model to include longer anagram 
letter arrays, it might also be fruitful to 
characterize solution-word structure in 
terms of sequential trigram or tetragram 
frequencies and additional effort should 
be directed to this issue. 
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ERRATA 


In thearticle by M. S. Mayzner and 
M. E. Tresselt in the December 1965 


issue of this journal, the 


affiliation 


for M. E. Tresselt should be Depart- 
ment of Psychology, New York Uni- 
versity. Also, on page 607, line 15 in 


the right-hand column, 
"ranging from 8 to 17 


the phrase 
should read 


"ranging from 3 to 12." 
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AFFECT AS A FUNCTION 


PAUL 


Stanford University 


Itis predicted that humans have a preferred amount of stimulus varia- 
tion in their perceptual environment. This hypothesis was tested by 


obtaining S's pleasantness ratings 


like simple music and presented increasing amounts of stimulus varia- 
Increasing the stimulus variation was accomplished by increasing 
the variance and the information in the elements making up the se- 
quences. The mean pleasantness ratings, as predicted, increased up 
to a moderate amount of stimulus variation and then declined. 
secondary hypothesis predicted that Ss with much training and interest 
in music would rate the tone sequences with larger amounts of stimulus 
variation as more pleasant than would Ss with little training and interest 
in music. The results also supported this hypothesis. 


tion. 


It has become a common hypothe- 
sis that humans and other animals 
prefer a “moderate” amount of varia- 
tion in their perceptual world. For 
example, Hunt (1960) argues that an 
organism has an optimal level of 
stimulus variation and "below this 
level increases are reinforcing and 
above it decreases are reinforcing 
[p. 494].” Others with similar ideas 
are Dember and Earl (1957) and 
Fiske and Maddi (1961). 

A central problem for this position 
is defining the concept of stimulus 
variation. One approach has been to 
conceive of stimulus variation as in- 
formation (H), in the information 
theory sense. This was tested in a 
study by Vitz (1964) in which Ss 
tated the pleasantness of sequences of 
tones that sounded like simple music 
and presented different amounts of 
information. The mean pleasantness 
ratings were found to be an increasing 
monotonic function of the amount 
of H presented. There was no evi- 
dence for a decline in pleasantness 
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OF STIMULUS VARIATION! 


C. VITZ? 


of sequences of tones which sounded 


A 


at high H values. It is possible that a 
decline might have occurred if the 
sequences had presented more infor- 
mation by varying the loudness and 
duration of the tones, in addition 
to their pitch; however, the author 
argued that the major difficulty lay 
in using H as a definition of stimulus 
variation. The information formula, 
ie, H--—Zplog»p, accounts for 
the number of elements and their 
probabilities, but because it is in- 
sensitive to the metric character 
of the stimulus events, it fails to 
reflect the size of the differences of 
discrepancies between them. 

The purpose of this study is t 
test the hypothesis that humans have 
a preferred amount of stimulus varia~ 
tion by using a definition of stimulus 
variation which reflects both the size 
of the stimulus differences, and the 
amount of information. The statis" 
tical concept of variance will be used 
as the measure of average stimulus 
difference. A series of stimuli wit 
increasing amounts of stimulus varia 
tion were constructed by simu 
taneously increasing the information 
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sounding like simple music and pre- 
senting increasing amounts of H 
and c? on the dimensions of pitch, 
loudness, and duration. 

The experimental hypothesis is: 
Pleasantness ratings of sequences of 
tones will change in a continuous 
manner from unpleasant to pleasant 
and then decline toward unpleasant 
as the amount of stimulus variation, 
presented to S, changes from low to 
high. A secondary hypothesis is: 
The greater the S's previous exposure 
to the same or similar stimulus 
material, the greater the amount of 
stimulus variation in S's most pre- 
ferred tone sequences. For example, 
with exposure to the tone sequences 
as the experiment progresses, S's 
most preferred amount of stimulus 
variation should increase. Also, it 
predicts Ss with much training and 
interest in music should prefer a 
greater amount of variation than Ss 
with little or no musical training and 
interest. The rationale is that with 
exposure to a stimulus, some of the 
variation is organized and stored by 
S, and the perceived amount of 
variation in the stimulus declines. 
To keep the amount of perceived 
variation at the preferred level, S 
must seek out a new stimulus with a 
greater amount of objectively defined 
stimulus variation. 


GENERAL METHOD 


Subjects and procedure.—The Ss were 
college undergraduates; median age 19. Men 
and women were about equally divided in 
each study. All studies were run in a small, 
partially soundproofed room. The S sat at à 
table with partitions on all sides that cut out 
visual distractions. e 

The tone sequences: physical characteristics. 
— Seventeen pure tones at the following fre- 
quencies in cps and corresponding logarithmic 
values were recorded on magnetic tape: 100 
(2.00), 178 (2.25), 224 (2.35), 251 (2.40), 282 
(2.45), 316 (2.50), 355 (2.55), 398 (2-60), 447 
(2:65), 501 (2.70), 562 (2.75), 631 (2.80), 708 


(2.85), 794 (2.90), 1000 (3.00), 1585 (3.20), 
and 2512 (3.40). (Silence was considered as 
a frequency of 0 cps and counted as an 
eighteenth tone for the two instances in which 
it occurred in Sequences 6a, b, c.) Each fre- 
quency was recorded at four different inten- 
sities in order to obtain four loudnesses. 
These loudnesses approximated the four per- 
ceptual categories of: low, medium low, me- 
dium, and medium loud, and will be referred 
to as Loudnesses 1, 2, 3, and 4, since the series 
of decibel levels associated with them varied 
with the frequency. No tones were used 
whose loudness and/or frequency was judged 
as intrinsically unpleasant by E and two other 
judges. In addition to pitch and loudness, the 
tones also varied in duration. The durations 
used were: 1.5, 1.2, .6,.5, .4, .2, .1, and .05 sec. 

The tone sequences: information and vari- 
ance characteristics Eighteen tone sequences, 
representing six magnitudes of stimulus varia- 
tion, were constructed and labeled 1a, 1b, 1c; 
2a... 6c, The numbers represent the six 
and increasing magnitudes of stimulus varia- 
tion; the letters identify the three statistical 
samples of each magnitude. The stimulus 
characteristics of each sequence are summar- 
ized in Table 1. The procedure for increasing 
the variance and information was to include 
all of the stimulus elements used at the lower 
magnitudes and, when adding the new stim- 
ulus elements, to increase the range on each 
of the three stimulus dimensions. This 
method also kept the mean of the stimulus 
intensities about the same for all magnitudes 
of stimulus variation, (As shown in Table 1, 
in a few instances the H or g? value on one of 
the three dimensions was not greater at the 
higher magnitude of variation, Nevertheless, 
the total stimulus variation for the sequence 
was greater because increases occurred on the 
other two dimensions.) Since the H and o? 
values on the different dimensions cannot be 
meaningfully added, no attempt was made to 
give a summary quantitative estimate of the 
total amount of stimulus variation in a 
sequence. The procedure allows only for the 
rank ordering of the six magnitudes. 

The tone sequences: their constructiun.—As 
an example, Sequence 2a was constructed as 
follows: Using a random-number table and 
four digits, a random series, 40 digits in 
length, was obtained. The digits represented 
the different and equally frequent pitches. 
Next, a random series representing the differ- 
ent durations was generated. This sequence 
contained two different, equally frequent 
digits and was also 40 digits in length. The 
two digits represented the durations of 400 
and 500 msec. A similar procedure was fol- 
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TABLE 1 
SUMMARY OF THE INFORMATION AND VARIANCE CHARACTERISTICS OF THE TONE SEQUENCES 
Pitch Characteristics Temporal Characteristics | Loudness Characteristics 
Loudnesses 
Magnitude 1 
cu oe HN e EN a iw, et 
De || ORARET Fi i (to Durations | (to 2 = med (to 
Number| (Rank requencies d Wi Mw, Nears 
sen C) — | Nese | (Bitoj e) INS [aue | g Lmg, NS gig 
1000) 1000) and 1000) 
4 = med. 
loud) 
1 398, 447 1 | 1.00 500 0 | 0.00 3 00 | 0.00 
able 2 355, 501 3 | 2.00 | 400, 500 3 | 1.00 2,3 225 | 1.00 
pes 
above; 
3a, b, c 3 316, 562 7 | 2.58 | 200,400, | 22 | 2.00 1,2,3 .66 | L58 
Weise 500, 
above) 
4a, b, c 4 282, 631 13 | 3.00 | 100,200, | 127 | 2.58 1,2,3 .66 | 1.58 
mies 600, 1200 
ve) g 
Sa, b,c 5 224, 251, 32 | 3.58 | 100,200, | 127 | 2.58 | 1,2,3,4 | 125 | 2,00 
708, 794 400, 500, 
(plus the 600, 1200 
above) F 
6a, b,c 6 9,100,178, | 345 | 417 | 50,100, | 241 | 3.00 | 1,2,3,4 | 125 | 2. 
1000, 1585, 200, 400, 
2512 (plus 500, 600, 
the 12 above) 1200, 1500 


lowed for the loudnesses. Sequences 2b and c 
were based on different random samples, but 
otherwise were identical with. Sequence 2a. 
To construct the sequences, the prerecorded 
tones at each pitch and loudness were cut 
into sections and spliced together in the 
order given by the random series. The 
length of the tape section determined the 
tones’ temporal durations. To give the tones 
a discrete character, a silence of 50 msec. was 
spliced before each tone, The total duration 
of Sequence 2a was 20 sec.; the 40 tones 
lasted an average of 450 msec. each, for a 
total of 18 sec., and the 40 silence periods 
added 2 sec. more. Each of the sequences 
lasted between 19.5 and 20.5 sec. To keep 
each sequence within these time limits, a few 
minor deviations from the H and o? values 
shown in Table 1 were required. 


Stupy I 


Method.—The S rated the amount of 
"variation or unexpected change" in each 
sequence; S recorded his ratings on a 5-point 
scale. The points were labeled, with reference 
to amount of variation: none (0), a little 
(+1), moderate (+2), very much (+3), and 
very, very much (+4), To control for posi- 
tion effects, 18 orders of presentation repre- 
senting an 18 X 18 Latin Square were used. 
Because of possible contrast effects occurring 
if the same sequences always followed each 


other, the Latin square was designed so that. 
each sequence followed each other sequence 
only once. Two Ss were run in each order; 
N = 36. 


Results and discussion.—The means 
of the six magnitudes of stimulus 
variation are presented in Table 2 
and they increase regularly with the 
operational definitions. In addition, 
the subjective definitions range from 
one extreme of the scale to the other, 
ie., Sequence 1 has a mean of 6 
and a scale value of less than “a 
little" variation; Sequence 6 has à 


TABLE 2 


Group RATINGS OF THE AMOUNT OF STIMULUS 
VARIATION IN THE TONE SEQUENCES 


Magnitude of M: 
Stimul ting 
Varation | Ronee | ating | SD 
(Rank Order) = 
1 la, b, c .63 36 
2 2a,b,c | 1.36 a 
3 3a,b,c| 2.13 E 
i 4a,b,c| 245 At 
5 5a,b,c | 2.90 40 
6 6a, b,c | 347 30 
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mean of 3.47 and a scale value greater 
than "very much" variation. The 
individual ratings also supported the 
meaningfulness of the operational 
definition. Of the 36 Ss, the mean 
ratings of 21 (58%) increased regu- 
larly from Magnitudes 1 through 
6; 13 (36%) had one reversal in their 
mean ratings and 2 (5%) Ss had two 
reversals. The reversals were usually 
small and always involved the middle 
magnitudes. 


Stupy II 


Method.—The S rated the pleasantness of 
the sequences on a 9-point scale ranging from 
very, very unpleasant (—4) through neutral 
(0) to very, very pleasant (+4). Again to 
control for position and contrast effects, the 
orders of presentation represented an 18 X 18 
Latin square, as used in Study I. There were 
2 Ss in each order; N = 36. 


Results and discussion.—YThe mean 
pleasantness ratings of the six mag- 
nitudes of stimulus variation are 
shown in Fig. 1. The means in- 
crease up to a moderate amount of 
variation, i.e., Sequence 3 rated at 
2.13 in Study I, and then regularly 
decline as stimulus variation becomes 
greater. The group curve is a stable 
phenomenon as it was replicated in 
Study III on the same tone sequences. 
But, it is important to emphasize 
the large individual differences under- 
lying the group curve. For example, 
2 Ss rated Sequence 1 higher than 
any of the others, while 5 Ss gave 
Sequence 6 their highest ratings. 
course, most Ss preferred the middle 
sequences. Evidence for one inter- 
pretation of these large individual 
differences is presented in Study III. 

The following analysis was used to 
observe if the curves of each S fol- 
lowed the predicted pattern. Each S’s 
ratings of the three examples of the 
six magnitudes of stimulus variation 
were averaged. The mean ratings of 
14 Ss (39%) peaked at one of the 


MEAN PLEASANTNESS RATING 


{ Amount of Stimulus Variation 
1 in the Tone Sequences 
(as rated in Study 1) 


Fic. 1. Mean pleasantness ratings as a 
function of amount of stimulus variation in 
the tone sequences. 


six magnitudes and declined regu- 
larly from the peak. The remaining 
22 Ss (61%) had one reversal in the 
ratings as they declined from the 
peak. The reversals tended to be 
small and are presumed to be due to 
random and_ idiosyncratic factors. 
Evidence that there was no regularity 
in the reversals was obtained as 
follows: The ratings of all Ss whose 
peak rating occurred at the same 
magnitude were combined to get one 
curve. At five of the six magnitudes 
the curve declined regularly from 
the peak point. The small exception 
occurred in the curve based on only 
2 Ss whose peak rating occurred at 
Magnitude .67. 

The secondary hypothesis predicted 
that with exposure to the tone se- 
quences, S’s most preferred amount of 
stimulus variation should increase. 
To test this, S’s most preferred tone 
sequence in the first six ratings was 
compared with the most preferred 
in the last six ratings. The mean 
variation preferred in the first six 
was 2.14 and 2.31 in the last six. 
This difference, although in the pre- 
dicted direction, was not significant, 
t (34)=1.12. The S was exposed 
to the tone sequences for only 6 min. 
(18X20 sec.), and so short a time 
probably represents an insufficient 
test of the hypothesis. 
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Srupv III 


Method.—The SS rated the pleasantness of 
6 of the 18 sequences, one sequence at each 
magnitude of stimulus variation. The 6 were 
randomly selected at each magnitude from 
the 3 examples. Six orders of presentation 
were used, forming a 6 X 6 Latin square, 
constructed in the manner described in 
Study I. There were 12 Ss in each order; 
N=72, 

After S had rated the sequences, he 
answered a brief questionnaire asking S to 
give the number of years of musical training 
he had had, and to state his interest in music. 
Formal music training included vocal or in- 
strumental instruction, but did not include 
required general music courses. The S 
recorded his interest in music by checking 
one of five categories: indifferent, little 
interest, moderate interest, strong interest, 
very strong interest. This questionnaire was 
used to place Ss in: (a) the Low Music group 
(N = 14) consisting of Ss who had had no 
formal training in music and who expressed 
an indifferent, slight, or moderate interest in 
music; (b) the High Music group (N = 30) 
consisting of Ss with at least 2 yr. of formal 
training in music and who expressed a strong 
or very strong interest in music, The re- 
maining Ss lay between these two groups and 
are omitted in most of the following analysis. 


Results and discussion —The group 
curve based on the mean pleasantness 
ratings of the six magnitudes of 
stimulus variation replicated the 
curve in Fig. 1 (Study II). The 
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ratings of the individual Ss were also ; 
essentially the same as those in Study 
II. 
The High Music Ss tended to rate 
all of the sequences as more pleasant 
than did the Low Music Ss. The. 
mean pleasantness rating of the high 
Ss was 5.39 and the mean of the low 
Ss was 4.54; the difference of .85 was 
significant, £ (42)=2.49, p <.02, two- 
tailed. This difference was not ex- 
pected, as no prediction was made 
about the ratings' absolute values. 
In postexperiment interviews, the 
Low Music Ss said they found the 
sequences more unpleasantly novel,- 
than did the High Music Ss. | 
The major results are shown in- 
Fig. 2, which presents the mean ranks 


of the pleasantness ratings of the 
High and Low Music groups. Mean 
ranks were used to avoid the differ- 
ence in absolute ratings (Rank 6 
- highest rating, Rank 1 = lowest rat- 
ing). Figure 2 shows, as predicted, 
that High Music Ss preferred higher 
magnitudes of stimulus variation than 
did Low Music Ss. Thus, the Low 
Music Ss, as compared to High Music 
Ss, preferred the three lowest amounts 
of stimulus variation, while the re- 
verse was true at the three highest 
points. To test this difference, the 
peak points of the High Music Ss 
were averaged and compared to the 
average peak points of the Low 
Music Ss. The mean peak point of 
the High Music Ss was 2.38 and 1.82 
for the Low Music Ss. This differ- 
ence reached statistical significance, 
t (42)=1.81, p<.05, one-tailed. The 
difference between high and low SS 
Preferences for amount of stimulus 
variation was more striking, however, 
when one observes the difference inc 
mean ranks at the lowest amount 0 
stimulus variation. At this point 
represented by Sequence 1, the High 
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Music Ss had an average rank of 1.77 
and thus relative to the sequences 
at higher magnitudes, the High Music 
Ss found the 1a, b, and c sequences 
quite unpleasant. The Low Music 
Ss, however, gave these same most 
redundant sequences a mean rank of 
3.43. This preference by the Low 
Music Ss for the lowest amount of 
stimulus variation as compared with 
the High Music Ss was quite signifi- 
cant, t (42) =3.69, p <.001, one tailed. 
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5 groups of 10 rats each were trained in the runway at 4 trials each day, 
there being 12 days of acquisition training and 4 days of extinction 
training. 4 of the 5 groups received j delayed and j immediately 
reinforced trials, the remaining group being immediately reinforced on 
all acquisition trials. The delay groups comprised a 2 X 2 factorial 
design with 2 levels of delay (5 vs. 60 sec.) and 2 levels of a sequence 
variable (ID vs. DI transitions). A DI transition involves an im- 
mediate trial following a delayed trial; an ID transition, the opposite. 
Resistance to extinction was most increased by long delay DI transi- 
tions, although long delay ID transitions exercised a slight increasing 
effect on extinction as well. These results were seen as being compatible 
with an aftereffects conception of delay and as incompatible with 


alternative-delay hypotheses. 


Irregular variation between delay 
trials and immediately rewarded trials 
increased resistance to extinction rela- 
tive to immediate reward on all trials 
when the delay was 30 sec. (Crum, 
Brown, & Bitterman, 1951; Logan, 
Beier, & Kincaid, 1956; Scott & 
Wike, 1956) but not when it was 9 sec. 
(Logan et al., 1956). These results 
can be deduced from a modified ver- 
sion of Hull’s (1952) aftereffect hy- 
pothesis, introduced and tested here. 
According to this view, the after- 
effect of a delay trial is SP, an after- 
effect which is similar to that of rein- 
forcement (S®) on the one hand and 
to that of nonreinforcement (SN) 
on the other. This hypothesis is 
ilustrated in more precise detail in 
Fig. 1, which shows that as the delay 
grows longer, SP becomes less similar 
to SF and approaches SN as a limit? 


! This investigation was supported in part 
by National Institute of Child Health and 
Human Development Research Grant HD 
00949-02 to the first author. Gratitude is 
expressed to Jane Chandler who ran a pilot 
version of the present investigation. 

2 [n the interest of clarity, it is indicated 
that the above hypothesis is almost dia- 
metrically opposed to the view of Crum et al. 
(1951), which has been accepted by others 
(e.g., Lewis, 1960; Scott & Wike, 1956), that 


On the assumption that stimuli 
acquire habit strength for responses 
only on reinforced trials (Hull, 1952), 
it follows that on immediately (1) 
rewarded trials following delay (D) 
trials the value of S? appropriate 
to the delay interval employed will be 
conditioned to the locomotor re- 
sponse. And, the greater the delay, 
the greater will be the amount of 
generalized habit strength supplied 


S so S030 soo usd 


increasing delay ——* 


Fic. 1. Stimulus continuum. (The figure 
shows that as the length of delay increases 
from 9 sec. to 60 sec., SP becomes less similar 
to S* and more similar to SN.) 


to SN since, as Fig. 1 shows, the 
greater the delay, the closer SP lies 
to SN. Since SN occurs in extinction, 
it is predicted that as the length of 
delay increases, so too should re- 
sistance to extinction. Thus, it can 
be deduced from Fig. 1 and the 
Ordinary assumptions of the after- 
effect hypothesis that an irregular 


the aftereffect of a delay trial is neither P 
nor SN but SR, 


$- 
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intermixture of I and D trials will re- 
sult in a substantial increase in resist- 
ance to extinction when D = 30 sec. 
but only a minor increase when D = 9 
sec. 

Wike, Kintsch, and Gutekunst 
(1959) found that with D = 30 sec., 
a reward schedule employing transi- 
tions from D trials to I trials, or DI 
transitions, produced greater resist- 
ance to extinction than immediate 
reward, while an ID schedule, or one 
not employing DI transitions, failed 
to increase resistance to extinction. 
These results are consistent with the 
present hypothesis. Wike et al. 
(1959) did not offer a theoretical 
explanation for their results. They 
did suggest, however, that resistance 
to extinction is increased by DI 
transitions. But, according to the 
present hypothesis it is not DI 
transitions as such which produce 
increased resistance to extinction but 
DI transitions involving long delay. 
It was this hypothesis which was 
tested in the present investigation. 


METHOD 


Subjects —The Ss were 50 naive male 
Holtzman rats about 85 days old which were 
purchased from the Josamar Company, 
Houston, Texas. The Ss were randomly 
divided into five groups of 10 each. One S 
from Group I died and was replaced by a 
spare run 6 days behind the remaining Ss. 

Apparatus.—The apparatus was a straight- 
alley runway 82 in. long, 4 in. wide, and en- 
closed by 9-in. high sides, covered with 
hinged, à-in. hardware cloth. It was con- 
structed of wood and painted a midgray 
throughout. The apparatus had three basic 
sections: a 14-in. start section, à 52-in. run 
section, and a 16-in. goal section. The start 
section contained a 10-in, floor treadle 
suspended over a microswitch. . When the 
treadle was depressed by the weight of the 
rat, whose front paws were always placed on 
the treadle's extreme forward edge, the first 
of three clocks, measuring in .01 sec. was 
started. The first clock was stopped and the 
second started when 5 interrupted an infrared 
photobeam 4 in. from the tip of the treadle 


(start time). The second photobeam was 52 
in. from the first, and interrupting it stopped 
the second clock (run time) and started the 
third clock. Twelve inches from the second 
photobeam and 2 in. from the front edge of a 
brass, 2 X 44 X 14 in. food cup, covered by 
a tightly fitting, automatically controlled, 
sliding metal lid operated by an electric 
motor, was a third photobeam. Interrupting 
the third infrared beam stopped the third 
clock (goal time) and, depending on the 
setting employed on a series of Hunter timers, 
activated and opened the sliding metal lid 
covering the food cup (thereby allowing S 
access to the wet mash it contained) either 
immediately, 5 sec. later, or 60 sec. later. 
When S broke the third photobeam, a brass 
guillotine door, located 12 in. from the 
extreme distal end of the alley, was manually 
lowered, thereby confining S to the goal area. 

Design.—As regards the four delay groups, 
the design is a 2 X 2 factorial one with two 
levels of delay (5 sec. vs. 60 sec.) and two 
levels of a sequence variable (DI transitions, 
Dı vs. ID transitions, Dz). A fifth group 
immediately reinforced on each of the four 
daily trials (Group T) was “appended” to the 
otherwise factorial design as a “standard” 
against which the performance of the various 
delay groups could be judged. The delay 
groups received one of two schedules of I 
and D trials on each of the 12 days of acquisi- 
tion training: either Pattern A: I, Di, I, Do, 
or Pattern B: Dı, I, I, Ds, the schedules 
occurring over the 12 days as follows: A, A, 
B, B, B, B, A, A, A, B, B, A. For two of the 
groups D, was always long, D; being either 
always long (Group 60-60) or always short 
(Group 60-5); and for the remaining groups 
D; was always short with Ds being always 
long (Group 5-60) or short (Group 5-5). 
Considering within-days transitions only, it 
can be seen that all groups received the same 
number of DI and ID transitions. However, 
for the Dı 60-sec. groups, the aftereffect Spe 
was conditioned to the instrumental response 
once each day for a total of 12 such condition- 
ings, while for the Dz 5-sec. groups, SP* 
received the 12 conditionings. Since recent 
evidence suggests the functionality of 24-hr. 
aftereffects (Capaldi & Spivey, 1964), we 
must also consider between-day DI transi- 
tions. It should be understood that the 
present investigation had no interest as such 
in between-day 24-hr. DI transitions, but the 
occurrence of these was more or less unavoid- 
able in the present design. The alternative, 
which was always to begin a particular day's 
trials with a D trial, probably would have 
eventually resulted in relatively slow running 
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on the initial trial, a tendency which well 
might have been greater when D; was 60 sec. 
rather than 5 sec. Such a tendency would 
undoubtedly have complicated the inter- 
pretation of the extinction results. In any 
event, 24-hr. DI transitions occurred when- 
ever Pattern A succeeded Pattern A or when- 
ever A succeeded B, but not when B suc- 
ceeded B. There were five such 24-hr. 
transitions (see above), the minimum number 
possible. For Groups 60-60 and 5-60, the 
24-hr. DI transitions involved SP* and for 
Groups 60-5 and 5-5, SP5, 


Procedure 


Habituation.—On arrival at the laboratory, 
Ss were placed in individual cages and for 6 
days given ad lib food and water. Beginning 
on Day 7, Ss were fed mash in the home cage 
for only 1 hr. each day, water always being 
available. By Day 10, the deprivation 
schedule was adjusted for each S so as to 
coincide with the time it was to be run in 
experimental training. The Ss were handled 
for 1 hr. on a large table on Days 7, 8, and 9, 
wet mash being available. On Days 10 and 
11, each S explored the unbaited alley singly 
for 3 min. On Days 12 through 16, Ss were 
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Fic. 2. Mean log times for each i 
group on each trial 
of the first day of extinction. 
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trained to eat in the goal box and adjusted 
to the automatically operating food cup. On _ 
each of these days, S was given two 50-ser, 
goal-box feedings and was placed in the goal _ 
box by hand via the guillotine door, On 
Days 12 and 13, the sliding lid covering the 
food cup was simply in the “open” position, 
On Days 14, 15, and 16, it was in the closed 
position and opened—making a characteristic, 
slight noise—as E's hand and S’s body swept 
past the infrared beam as S was placed in the 
goal box. 

Acquisition training.—On every trial, 
whether delayed or not, S was allowed 20-sec, 
access to wet mash. Each S was run in- 
dividually and at the same time each day, 
the order of running Ss being randomized 
beforehand so that on only two occasions 
were two Ss from the same group run con- 
secutively, The intertrial interval was 20 
sec. and S was fed the 1-hr. daily ration of 
mash about 10 min, following the last trial 
of the day. 

Extinction.—There were 4 days of extine- 
tion training at four trials each day, the 
intertrial interval remaining at 20 sec. Thes 
was confined to the empty goal box for 20 sec. 
In extinction the lid covering the food cup 
remained in the closed position. The S was 


TRIAL 


AFTEREFFECTS AND DELAY OF REWARD 83 


allowed a maximum of 60 sec. in each section 
of the alley. If 60 sec. elapsed in the start 
section, S was guided to the run section, etc. 
On Day 2 of extinction, an apparatus mal- 
function prevented E from running 17 of the 
50 Ss, 3 each from the I, 60-5, and 60-60 
groups and 4 each from the 5-60 and 5-5 
groups. The Ss were fed mash in the home 
cage at the appropriate time and run a day 
later than the remaining Ss. Analysis of 
variance between Ss run a day late and their 
group mates produced nonsignificant F ratios 
in all cases. 


RESULTS 


All running times were transformed 
into log X + 1.00. Analysis of vari- 
ance on the mean log total times of 
each of the five groups over the last 
4 days of acquisition training yielded 
F (4,45) = 1.63, .20 > p > .10. This 
result is in agreement with findings 
from a variety of previous experiments 
which show that partial delay of 
reward does not lead to slower 
running than immediate reward. 

In two major respects, Groups 5-60 
and 5-5 performed like Group I in 
extinction and unlike Groups 60-60 
and 60-5. First of all extinction was 
very rapid for the Di 5-sec. groups, 
being rather substantial following 
only a few nonreinforced trials. This 
can be seen in Fig. 3, which shows the 
mean log total running times for each 
of the groups on each of the four trials 
of Day 1 of extinction. The uncon- 
nected black circles in Fig. 2 show 
the performance of Group 60-60 on 
the four trials of the last day of 
acquisition. A comparison of the 
connected and unconnected black 
circles shows that Group 60-60 ex- 
hibited little performance decrement 
on the first day of extinction ; indeed 
on no previous acquisition day did 
Group 60-60 run faster than a mean 
log of 1.40, something which occurred 
twice on Day 1 of extinction. The 
main point of Fig. 1, however, 39 that 
Groups 5-5 and 5-60, like Group I 
and unlike Groups 60-5 and 60-60, 


showed rather substantial extinction 
following only a few nonreinforce- 
ments. 

The main data of the experiment 
are shown in Fig. 3, which should be 
examined in the light of the informa- 
tion presented in Fig. 2. Figure 3 
shows the mean log times for each 
of the groups on each day of extinction 
for start, run, goal, and total time. 
Examination of Fig. 3 reveals the 
second major respect in which Groups 
5-60 and 5-5 were like Group I and 
unlike Groups 60-5 and 60-60. Notice 
that for Groups I, 5-5, and 5-60 the 
time required to traverse the suc- 
cessive sections of the runway pro- 
gressively increases so that with 
relatively minor exceptions on each 
day of extinction run times are 
greater than start times and goal 
times are greater than run times. 
Groups 60-5 and 60-60 show a 
strikingly different overall trend. 
While on each day run times tend 
to be greater than start times, goal 
times were always less than run times. 

The results of factorial analyses 
of variance over the delay groups 
composing the factorial portion of the 
design are presented in Table 1. 
It can be seen that the largest differ- 
ences are associated with the Di 
variable, differences being significant 
for start time and very highly sig- 
nificant for run, goal, and total time. 
The influence of the D» variable was 
noticeably less, differences not being 
significant for start time, significant 
for run and total time, and highly 
significant for goal time. Notice, 
from Table 1 and Fig. 3, that the D» 
differences like those for D; increased 
from start to goal. 

The only other significant differ- 
ences were for days, indicating, of 
course, that extinction occurred in all 
sections of the alley, and for the 
DXD; interaction for goal and total 
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TABLE 1 


ANALYSIS OF VARIANCE: MEAN Loc TIMES IN EXTINCTION 
FOR START, RUN, GOAL, AND TOTAL TIME 


F Tests 
Source df 
Start Run Goal Total 
pee Ss 39 
elay 1 (Di) 1 5.87* 2322 e 
Delay à (D2) l <1.00 4.59* ELM DN 
X De 21.00 1.39 «1.00 «1:00 
MS. 36 (5.20) (1.69) (2:10) (1:36) 
Within Ss 120 
ays (D) 3 17.29%** 11.81*** 12.48*** ^ 
DXDi 3 «1.00 1.38 4.98** ero 
D X D: 3 2.04 2.28 1.26 1.79 
DX Di X De 3 «1.00 2.02 1.14 <1.00 
MS: 108 (0.47) (0:49) (1.24) (0.53) 
z p $ n 
wp < 001. 
time. The ordinary interpretation DISCUSSION 


attached to the D XD interaction is 
that the D; 60-sec. groups extin- 
guished at/a faster rate over days 
than the D; 5-sec. groups, an inter- 
pretation which, taken literally, is 
absurd in the light of the results of 
this investigation. The seeming para- 
dox can be resolved by bearing in 
mind the considerations surrounding 
the presentation of Fig. 2. Figure 2 
makes it obvious that the significant 
DXD, interaction occurred because 
the D; 5-sec. groups were practically 
extinguished to begin with and the 
„Dı 60-sec. groups could only ap- 
proach the extinction asymptote. 

. Duncan's new multiple-range test 
indicated that Group I did not differ 
‘significantly from Group 5-5 over the 
4 days of extinction (df — 45) either in 
the start, run, or goal sections of the 
alley. Group I differed from Group 
5-60 at slightly beyond the .05 level 
in the start and run sections of the 
alley, while differences in the goal 
section were not significant. Group I 
differed from Groups 60-5 and 60-60 
at well beyond the 01 level in all 
Sections of the alley. 


Resistance to extinction was increased 
by long delay. While it was increased 
considerably more if, on a given day, the 
long delay trial preceded an immediately 
rewarded trial (Di), it was increased to 
some extent by a long delay not followed 
by immediate reward on a given day 
(Dz). It should be clear that the results 
for the Dı condition support the present 
hypothesis that resistance to extinction 
is increased by long delay followed by 
immediate reward. In order to interpret 
the results for the Dz condition in terms 
of the present hypothesis, it must be 
recognized, first of all, that recent ex- 
perimental evidence suggests that after- 
effects remain functional following as 
much as 20 min. (Capaldi & Stanley, 
1963) or even 24 hr. (Capaldi & 
Spivey, 1964). Properly, then, we may 
distinguish in this investigation between 
two different ages of the aftereffect of 
60-sec. delay, the 20 sec. SP, or 20SP9», 
associated with the intertrial interval 
and the 24 hr. S?®, or 245%, associated 
with the between-day interval. The 
24SD9 and 20SP* probably differ to some 
extent for a number of reasons, among 
them, e.g., that 24SP9 occurred on the 
frst of the daily trials whereas 205P% 
occurred on the second trial which, of 
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course, involved more handling, etc. In 
any event, as previously indicated, 20S?” 
received 12 conditioning trials, 24SP9, 5. 
Any habit strength possessed by 24S?® 
could (a) generalize to 20S?” which 
could, in turn, provide generalized habit 
strength to SN, (b) generalize directly 
to SN, This line of reasoning is recom- 
mended by two considerations, one 
quantitative, the other qualitative. On 
a quantitative level, the interpretation 
suggests that the effect of the Ds condi- 
tion on extinction should have been 
markedly less than that of D,—which 
it was—because 24SP* employed fewer 
conditionings than 20SP (12 vs. 5) and 
because generalization between different 
ages of the aftereffect was involved.’ 

Moreover, on the assumption that the 
D; and D; variables involved the same 
mechanism, i.e., the aftereffect, it could 
be expected that both would regulate 
extinction in the same qualitative man- 
ner. Such was the case; differences be- 
tween the delay groups increased from 
start to goal for both D; and Ds. More- 
over, this gradient effect has itself a 
plausible explanation in terms of the 
present hypothesis. 

Hull (1952) and Sheffield (1949) as- 
sumed that aftereffects "persist" be- 
tween trials and so function as "stimulus 
traces." This trace conception seems 
less than attractive in view of the now 
demonstrated long functional, or 24 hr., 
aftereffects. An alternative view is that 
the aftereffect is “reinstated” or “re- 
vived" by the experimental situation and 
so functions as "recall" or "memory." 
On this assumption, it follows that the 
degree of reinstatement or recall is some 
increasing function of the nearness of S 
to the place where the aftereffect was 
originally occasioned, i.e., the goal box. 
In essence, this interpretation holds that 
external stimulus control of the response 
(alley stimuli, etc.) is greater in the 


? Greater generalization decrement 
be expected between SN and 24Sbe icon 
than 2050% because all extinction trials with 
the exception of the initial daily trial of 
extinction occurred under 20-sec, intertrial 
intervals, i.e., the 20-sec. value of SN was 
most involved. 


start section than near the goal, while 
aftereffect control of the response is 
greater near the goal section than in the 
start section. It follows from this inter- 
pretation that differences between, eg, 
the D; 5-sec. and D; 60-sec. groups would 
not be particularly great in the start 
section—the external stimuli have ap- 
proximately the same capacity to evoke 
the response in all groups and the after- 
effect is exercising less than maximal 
control—while differences would tend to 
be greater in the goal section where the 
aftereffect is more or less fully effective. 
By employing the memory conception, 
then, it is possible to interpret the present 
results in rather fine detail. 

Unfortunately, the number of in- 
vestigations which have measured start, 
run, and goal times is small, and the 
number which are relevant to the above 
interpretation, still smaller. Fortu- 
nately, however, an investigation by 
Wagner (1961) employing two levels of 
reward magnitude (1.0 gm. or .01 gm.) 
and two levels of percentage of reinforce- 
ment (100% vs. 50%) is decidedly 
relevant. Wagner's results corresponded 
rather closely to those reported here. 
Such is especially apparent when con- 
sidering Wagner's .08-gm. groups; the 
partial group did not differ from the 
100% group in the start (F < 1) or run 
(1.97) sections but was much more 
resistant in the goal section (F = 21.88 
b «.001) The aftereffects interpreta 
tion advanced here, of course, is 3$ 
relevant to Wagner's partial-reward in- 
vestigation as to the present delay 
of reward investigation, i.e., partial 
reward and delayed reward both involve 
aftereffects.‘ 

As indicated earlier, the present hy- 
pothesis is consistent with previous 
partial-delay findings; indeed, the hy- 
pothesis grew out of these findings. The 
hypothesis explains, e.g, why an if 
regular schedule of 9-sec. partial delay 


‘In view of the above interpretation, the 
stimulus consequences of reward, nonrewar® 
and delay are more aptly described as mem 
ories rather than aftereffects. The term 
aftereffect is retained above because 
conventional usage. 
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does not result in greater resistance to 
extinction than immediate reward—S® 
and SP? very similar (Logan et al., 1956) 
—and why irregular 30-sec. partial delay 
does increase resistance to extinction— 


SD9 quite similar to SN (Crum et al., . 


1951; Logan et al., 1956; Scott & Wike, 
1956). The hypothesis also explains why 
regular. partial-delay schedules employ- 
ing 30-sec. DI transitions produced 
greater resistance to extinction than ID 
transitions (Wike et al., 1959). In addi- 
tion, the hypothesis explains the present 
findings which are, in effect, that in order 
for DI transitions to be effective in 
producing increased resistance to ex- 
tinction the delay must be long. At the 
same time, it appears that the present 
results cannot be explained in terms of 
alternative theoretical hypotheses. 
Consider, e.g., the secondary reinforce- 
ment interpretation (Kintsch & Wike, 
1957). According to that view, delayed 
reward produces greater resistance to 
extinction than immediate reward be- 
cause under delay more time is spent 
either in the delay box or the goal box 
and, therefore, more secondary reinforce- 
ment is accumulated. Peterson (1956) 
has advanced a similar notion, without 
the secondary-reinforcement overtones, 
however, holding that resistance to ex- 
tinction increases along with total time 
spent in the delay or goal box. While 
both interpretations apply quite nicely 
to the performance of Group 60-60, 
neither can explain why Group 60-5 was 
more resistant to extinction than Group 
5-60 since both groups were confined to 
the goal box for the same amount of time. 
Actually, not only these delay hy- 
potheses but all other alternative hy- 
potheses experience considerable diffi- 
culty in any attempt to explain the 
differences between Groups 60-5 and 
5.60. For example, Logan et al. (1956) 
and Renner (1964) suggest that extinc- 
tion is regulated by the difference, or 
variability, in delays—resistance to ex- 
tinction increasing as the difference in 
delays increase. The variability hy- 
pothesis appears to enjoy little success 
in the attempt to explain why Group 
60-5 was more resistant to extinction 


than Group 5-60 since both groups ex- 
perienced the same difference, or varia- 
bility, in delays. Nor does there appear 
to be any way for Lawrence and Fest- 
inger (1962) to deduce that Group 60-5 
experienced a greater amount of disson- 
ance reduction than Group 5-60, 

Several recent experiments (Capaldi, 
Hart, & Stanley, 1963; Capaldi & Spivey, 
1963, 1964) have employed intertrial 
reinforcement (ITR), a procedure which 
is similar to delay of reinforcement. It 
would appear useful to consider ITR in 
relation to the present hypothesis. The 
ITR procedure may be described as 
follows: Under ITR, like delay, S enters 
an empty or unbaited goal box from the 
alley. Shortly thereafter, S is removed 
from the empty goal box and placed in 
the intertrial-interval wait box for a 
brief time. Thereafter, S is hand placed 
by E in the now-baited goal box. The 
major difference between the two pro- 
cedures appears to be that under delay 
the entire wait period is spent in the goal 
box while under ITR only a portion of 
the total wait period is spent in the goal 
box, the remainder of the wait occurring 
in the intertrial-interval box. It has 
been found (e.g., Capaldi et al., 1963) 
that when ITR is administered in a 
partial-reinforcement schedule following 
nonreinforced trials preceding reinforced 
ones, (a) resistance to extinction is no 
greater than following consistent rein- 
forcement, and (b) resistance to ex- 
tinction is reduced relative to partial- 
reinforcement control groups. These 
results were interpreted as indicating 
that under ITR SN is replaced by S®. It 
now appears that the complete explana- 
tion may be slightly more complicated. , 
That is, SN may not fully be transformed 
into S® by ITR but rather into some 
intermediate stimulus, such as SD, This 
line of reasoning is consistent with the 
fact that in all ITR investigations so far 
reported, the nonreinforced confinement 
period in the goal box has been of 
relatively brief duration, either 10 or 15 
sec. Thus, under the assumption that 
ITR and delay of reinforcement modify 
the nonreinforced aftereffect in a highly 
similar, if not identical, fashion, it 


88 E. J. CAPALDI AND HUGH POYNOR 


follows that the ITR investigations have 
dealt with SP? or SP!5, As has already 
been shown, neither of these stimuli 
should produce a marked increase in 
resistance to extinction relative to a 
consistently rewarded group. It may 
tentatively be assumed, then, that the 
present hypothesis may be applied to 
ITR as well as delay of reinforcement. 
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SHORT-TERM MEMORY WITH A GUESSING TECHNIQUE * 


JAMES V. HINRICHS 
Stanford. University 


A guessing technique was applied to the short-term retention of serially 
presented items in 3 experiments, The major features of the guessing 
technique (Experiment I) were found to be (a) an increase in forgetting 
with an increase in the number of interpolated items, (b) the relative 
lack of a similar influence with the number of prior presentations, and 


(c) the improvement in guessing w 


ithin each trial. The amount of 


forgetting was also found to be a direct function of the size of the to-be- 
remembered item (Experiment II) and a direct function of the rate of 


presentation (Experiment III). 


As reported in recent review articles 
(Melton, 1963; Peterson, 1963; Pos- 
ner, 1963), many variables in short- 
term memory studies have been 
investigated with a variety of pro- 
cedures. These methods range from 
the classical memory-span technique 
first employed by Jacobs (1887), to 
the interpolated backward counting 
of Peterson and Peterson (1959), to 
"steady state” studies (Shepard & 
Teghtsoonian, 1961) where Ss are 
required to keep track of long se- 
quences of old and new items, and to 
paired-associate tests where one mem- 
ber of a pair is used as a probe to 
test the retention of the other (Mur- 
dock, 1960, 1961b). 

The present report describes an- 
other technique for studying short- 
term retention. This technique has 
several advantages. First, it is effi- 
cient; a large number of observations 
can be obtained rapidly from indi- 
vidual as well as groups of Ss and 
many points on the forgetting curve 
can be determined empirically. Sec- 
ondly, because this method is so 

1 This research was supported in part by 
United States Public Health Service Research 
Grant 62-4433-27 to Gordon H. Bower, to 
whom the author is greatly indebted for his 
advice and encouragement. The author also 
wishes to express his gratitude to Leonard 
M. Horowitz for his comments on the 
manuscript. 
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efficient, it permits ready comparison 
of many variables of interest within 
the context of a single experimental 
paradigm. 

The “guessing technique" presents 
S with items from some overlearned 
series in random order: digits, letters 
of the alphabet, etc. After each 
presentation, S has to guess which 
item will be shown next. The S 
understands that a given item is to 
appear only once during each trial. 
As S's short-term memory fails, he 
begins to guess items which, in fact, 
have already been presented. The 
incidence of such errors is the basic 
measure of short-term memory via 
the guessing technique. 

This method resembles the method 
reported in two experiments by Peter- 
son, Brewer, and Bertucco (1963), 
where a guessing strategy was em- 
ployed to investigate the influence of 
memory on performance in rote serial- 
list learning. Among other results 
they found that Ss did attempt to 
restrict their guesses to the set of 
unpresented items. 

The major results of applying the 
guessing technique were examined in 
Exp. I. Experiment II assessed task 
difficulty by varying the size of the 
to-be-retained item, and Exp. III 
illustrated the influence of temporal 
parameters. 
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Fic. 1. Guessing improvement within 


trials as a function of the number of 
presentations, 


EXPERIMENT I 
Method 


Procedure, —The 26 letters of the alphabet 
were presented in a random order to S who 
was instructed to guess the next letter before 
it was presented. The S would make his 
first guess, be shown the first letter; make his 
Second guess, see the second letter; etc. 
Presentation was self-paced; i.e., although 
the Ss were urged to respond quickly, the next 
letter was not shown until after the guess had 
been made. The Ss were instructed that the 
only restrictions on their guessing strategies 
were (a) not to keep guessing the same letter 
until it appeared, and (b) not to alternate 
between two letters until one or the other 
appeared. The Ss were allowed to guess a 
letter several times in a row if they felt it 
was “due” as long as this procedure was not 
adopted as a strategy. The Ss were also told 
that the most important rule to follow during 
the experiment was to avoid guessing a letter 
after it had been presented. The Ss wrote 
down their guesses, covering each preceding 
guess with a blank card. A trial is defined 
as a block of 26 guesses and letter exposures. 
One trial required approximately 23 min. 
The Ss were tested in pairs. 

Materials.—The letters used as stimuli 
were 13 in. high mimeographed onto 4 x6 
in. white cardboards. The 26 letters were 
randomly ordered into 40 decks Which could 
be presented in either the forward or the back- 


ward order producing 80 distinct orders 
itting up to 80 trials without repetiti 
Pe iubjecis.— The 10 Ss for Exp. I, 7 
and 3 females, were Stanford Universi 
undergraduates who served for 2 hr, each 
partial fulfillment of a requirement of 
introductory psychology course. Two other 
Ss were eliminated from the group analyses 
for failure to follow instructions; these were 
the only eliminated Ss throughout the c 
of all three experiments. The data from the 
control groups of Exp. II and III were added 
to the data for the Ss of Exp. I yielding a 
total N of 50, 22 males and 28 females, The 
experimental procedures were identical in all 
essentials for these three groups. 


Results and Discussion 


The proportion of correct guesses 
did not change consistently from 
trial to trial so each trial may be 
considered as an independent repli- 
cation of the task for each S. The Ss 
from Exp. I contributed 304 trials; 
Exp. II control group, 337 trials; 
and Exp. III control, 318 trials; for à 
total of 959 trials. There were no 
significant differences in the meam 
proportion of total errors (guesses) 
of presented items) between the three: 
groups; F (2, 47) - 2.18, p>.10. The 
data were combined for all additional 
considerations. é 

Guessing improvement within trials. 
—The Ss did improve within each 
trial. Figure 1 shows that the propor- 
tion of correct guesses increased as the 
number of presented letters increased: 
If S's memory were perfect, this pro 
portion would grow from 1/26 to 1. 

Figure 1 also reports the proportion 
of guesses from the set of unpresent 
items. A "guess from the unpre- 
sented set" is a letter which has not 
yet been shown. The number of su 
responses is 26 at the beginning of the 
trial and reduces to 1 at the end: 
The proportion was computed by 
dividing the guesses from the correct 
set by the number of alternatives 
still left in the correct set, averag' 
over all 959 trials. Note that a com 
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rect guess is one item in the correct ~ 


set; hence, a correct guess represents 
a subset, a random sample, from the 
correct set. There are two con- 
straints: (a) necessarily, the propor- 
tion of guesses from the unpresented 
set must reduce to 1/26 on the first 
guess (every guess on the first guess is 
from the unpresented set) and (b) on 
the last guess the proportion of guesses 
from the correct set and the propor- 
tion of correct guesses are identical. 
Guessing occurrences before and after 
presentation.—After the first item is 
presented, there are 25 possible 
guessing occasions in each trial on 
which it may be given as a response 
if it is forgotten; the second letter has 
24 such later tests, as well as two 
tests before it is presented on which 
it may be anticipated. In general, 
the item in the ith presentation 
position has 7 anticipation tests before 
it is presented and 26-i retention tests 
after it has been presented. Tabu- 
lating guesses relative to the actual 
position of occurrence of a letter and 
summing over all presentation posi- 
tions yields an anticipation score for 
each of the 25 relative positions be- 
fore presentation and a forgetting 
score for each of the 25 positions after 
presentation. Summing over all posi- 
tions, Ss, and trials, dividing by the 
maximum number of occurrences pos- 
sible, and plotting relative to the 
point of presentation yields the re- 
sult shown in Fig. 2. The point of 
actual presentation is the 0 position 
on the graph. The curve before 
presentation represents anticipation 
of the yet-to-be-presented letter. It 
starts at approximately the chance 
level (1/26) at position —25 and 
increases with positive acceleration 
until it intercepts the vertical line 
representing the 0 point. The point 
of intersection is the proportion of 
anticipations at the presentation posi- 
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Fic. 2. Anticipation and forgetting of 
letters relative to the actual point of pres- 
entation—group means. 


tion, ie., the overall proportion of 
correct guesses. After presentation, 
the proportion of guessing occurrences 
starts at almost 0 and increases in a 
negatively accelerated curve. This 
curve, then, is a forgetting function 
representing the proportion of times 
that an item is both forgotten and 
given as a guess. For example, the 
point at relative presentation posi- 
tion +5 represents the proportion 
of the time that an item was given as 
a response on the fifth guess after it 
was presented, i.e., with four inter- 
vening presentations and guesses. 
The number of observations in each 
point is the number of trials times 
26-j where j is the absolute value of 
the relative presentation position. 
Hence in Fig. 2 the number of ob- 
servations per data point range from 
24,934 at the 0 point, decreasing by 
steps of 959, to 959 at the extremes, 
25 items before or after presentation. 

The anticipation and forgetting 
functions may also be plotted for 
individual Ss as shown in Fig. 3. 
Part a demonstrates the guessing 
profile of a typical S; although more 
variable, it shows the same general 
trend as found in the group curve. 
Part b shows the profile of one of the 
two Ss eliminated from the group 
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Fic. 3. Anticipation and forgetting of 
letters relative to the presentation position— 
three individual Ss. 


analysis; it shows little improvement 
in anticipation and the proportion 
of guesses immediately after presen- 
tation is still high, almost one half 
the proportion before presentation. 
Part c demonstrates the performance 
of an S who retained presented letters 
much better than the group average. 
This superior performance is reflected 
in both the rapid acceleration of the 
anticipation curve and in the slow 
rise in the forgetting curve. 

Guessing occurrences after presenta- 
tion as a function of the number of 
prior presentations.—The effect of 
prior presentations (“proactive inter- 
ference” or “storage load”) may be 
considered by observing the propor- 
tion of guessing occurrences for each 


fixed number of interpolated items 
after presentatión. The number of 
interpolated letters, or lag, is held 
constant and the number of prior 
presentations is varied, generating a 
curve for each of the 1 through 25 
lags. This measure may be extended 
by summing the occurrences for 
several lags; e.g., the sum of the 
occurrences on Lags 1, 2, 3, 4, and 5 
may be obtained for each of the 
positions from the first through the 
twenty-first. These functions are 
plotted for two representative lags 
and for sums of 5 and 10 lags in Fig. 
4. Inall cases, the curves start below 
the mean values, but tend to remain 
approximately at the mean value 
thereafter. These results are con- 
sistent with the previous studies 
indicating a rapidly achieved steady 
state of interference from previously 
presented items (Melton, 1963; Shep- 
ard & Teghtsoonian, 1961). 
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Fic. 4. Proportion of guessing occurrences 
after presentation as a function of the number 
of prior presentations: (top) for two repre- 
sentative lags; (bottom) for means of 5 and 
10 subsequent guessing occurrences. 
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EXPERIMENT II 


The second experiment investigated 
the influence of the number of units 
in the to-be-remembered item; in 
Miller's (1956) terminology, the vari- 
able here is the number of "chunks" 
in the stimulus item. Murdock 
(1961a) and Melton (1963) applied 
Peterson and Peterson's (1959) pro- 
cedure to the retention of consonants 
and words and found a decrease in 
correct recalls with an increase in the 
number of units to be recalled. 


Method. 

With the following exceptions, the method 
was identical to that described for Exp. I. 
The Ss were 30 introductory psychology 
students, 22 females and 8 males, who 
participated in partial fulfillment of course 
requirements, The Ss served for 2 hr.—1 hr. 
in each of the two experimental conditions. 
Two sets of items were employed: One set 
consisted of the letters of the alphabet (the 
L condition, which is also used in Exp. 1), 
and the other (the L-D condition), the set 
of 25 letter-digit combinations of the letters 
A, B, C, D, and E and the digits 1, 2, 3, 4, and 
5, egu A2, C5, E1. Order of administration 
of the two conditions was counterbalanced 
within Ss. 


Resulls and Discussion 


For the L condition 337 trials were 
collected and 321 trials for the L-D 
condition. To test the differences 
between sessions (first or second hour 
of performance) and conditions, the 
proportion of erroneous guesses 
(guesses of items previously pre- 
sented divided by the total num- 
ber of guesses) was found to be for 
letters: .0200 for the first hour and 
.0221 for the second; and for letter- 
digit pairs: .0288 for the first hour 
and .0289 during the second. The 
difference between the sessions was 
not significant, ¢ (29) =0.67, p>.40, 
but was highly significant between 
conditions, t (29) =8.09, p<.001, with 
29 of the 30 Ss having a higher pro- 
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Fic. 5. Anticipation and forgetting of 
items relative to the presentation position— 
letters vs. letter-digit pairs, 


portion of erroneous guesses in the 
L-D condition, 

As shown in Fig. 5, the guesses of 
items before and after presentation 
have the same form for both letters 
and letter-digit pairs. However, the 
increase in guessing occurrences of 
items after presentation is much more 
rapid in the L-D condition than in the 
L condition; also, although the early 
parts of the anticipation curves over- 
lap, they diverge before presentation, 
Both effects are reflections of the 
generally poorer retention of the 
L-D pairs, overtly manifested in the 
forgetting curve, covertly, through 
failure to eliminate presented items, 
in the anticipation curve. 

The performance difference between 
the L-D and the L conditions, al- 
though not presented here, could be 
more markedly contrasted in cumula- 
tive curves which would tend to 
remove much of the variability within 
each position. For each position the 
number of guesses of previously pre- 
sented items is divided by the total 
number of guesses up to and including 
that position. Plotting the values 
would reveal two smoothly rising, 
negatively accelerated curves, each 
approaching an asymptote equal to 
the overall proportion of erroneous 
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Fic. 6, Cumulative proportions of guess- 
ing occurrences after presentation as a func- 
tion of the number of interpolated items— 
three rates of presentation. 


guesses for each condition: .0211 for 
L and .0289 for L-D. 

In general, the results of this 
experiment show good agreement with 
other studies (Melton, 1963; Mur- 
dock, 1961a) in that single character 
(one chunk) items are much better 
retained than multiple-character (two 
or more chunks) items. 


EXPERIMENT III 


The two previous experiments as- 
sumed that temporal influences were 
negligible in comparison to the inter- 
ference effects; the third experiment 
tested the extent to which this 
assumption was warranted. In Exp. I 
and Exp. II all trials were self-paced 
(SP); although S was urged to re- 
spond quickly and accurately, S 
dictated the pace. The rates of 
presentation considered here are 
slower than the rates used in earlier 
studies (Conrad, 1957; Conrad & 
Hille, 1958) since Ss were required to 
record their own responses, 


Method 


The method was identical to that described 
for Exp. I with the following exceptions. 
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Ten Stanford University undergraduates, 7 
males and 3 females, were paid for participat- 
ing in this experiment for 1 hr/day for 5 
consecutive days. Two rates of presentation 
other than the SP rate were used: a 4-sec. 
rate and an 8-sec. rate. The 4-sec. rate 
represents approximately the lower end of 
the distribution of SP rates for Ss in Exp. II, 
and the 8-sec. rate the upper end. During the 
two paced schedules, the stimulus cards were 
presented in synchronization with a recycling 
automatic timer. On the first day Ss were 
given instructions about the general nature 
of the task, and then were given five SP trials 
at which point they were warned that later 
trials would require rapid responding. Five 
more SP trials were administered and then two 
4-sec, and two 8-sec. trials were given. The 
last 4 days all followed the same pattern: two 
SP trials were given, then five trials at one of 
the paced rates, two more SP trials, five trials 
at the other paced rate, and the hour con- 
cluded with two final SP trials. The order of 
testing of the two paced rates was counter- 
balanced within Ss and days. The SP data 
were also used in Exp. I. 


Results and. Discussion 


During the last 4 days of testing, 
239 SP trials, 186 4-sec. trials, and 
196 8-sec. trials were collected. An 
additional 79 SP trials were collected 
during the first day. All comparisons 
are based upon the data from the 
last 4 days. 

Noting that the 8-sec. rate repre- 
sented a rate of responding slower 
than the typical SP presentation and 
that the 4-sec. rate was faster, the 
cumulative curves of Fig. 6 show 
the principal result of Exp. III. The 
forgetting of presented items (pro- 
portion of guessing occurrences after 
presentation) is approximately equal 
for all three rates of presentation but 
an order is apparent: the faster the 
rate, the greater the proportion of 
erroneous guessing occurrences. The 
overall proportion of guesses of pre- 
viously presented items, the last 
point in each curve, is .0227 for the 
4-sec. rate, .0210 for the SP rate, and 
.0185 for the 8-sec. rate. The differ- 
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ences between the rates are significant, 
F (2, 18)=5.48, p<.05. The magni- 
tude of the differences due to rate of 
presentation is clearly of a smaller 
order than the differences for one- or 
two-chunk items. 


GENERAL DISCUSSION 


The data from the three experiments 
demonstrate that the guessing technique 
is a useful method for examining the 
short-term retention abilities of human 
Ss. In particular, in agreement with the 
earlier results of Peterson et al. (1963), 
Ss were found to restrict their guesses to 
unpresented items of a serially presented 
list thereby improving the possibility of 
à correct guess near the end of the serial 
order. The main result of Exp. I 
demonstrated a very stable forgetting 
curve which was an increasing function 
of the number of intervening (retro- 
active) items and relatively independent, 
except for a primacy effect, of the number 
of prior (proactive) presentations. Ex- 
periment II showed the forgetting func- 
tion to be very sensitive to variation in 
the size of the to-be-remembered item. 
The third experiment found a small but 
consistent improvement in retention 
with increased presentation time. The 
modest magnitude of the differences in 
Exp. III is somewhat surprising in view 
of the potency usually attributed to the 
rehearsal factor, but other investigators 
have also found the differences due to 
rate of presentation to be small and often 
less consistent than in Exp. III (Conrad, 
1957; Conrad & Hille, 1958; Pollack, 
Johnson, & Knaff, 1959). In general, 
application of the guessing technique has 
produced results which are consistent 
with previous investigations, but within 
the framework of a single experimental 
paradigm and with increased stability 


due to the large number of observations 
easily obtained by this procedure. 
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EFFECT OF SIZE ON VISUAL SLANT! 


ROBERT B. FREEMAN, Jn. 
Pennsylvania State University 


2 experiments were conducted to determine the generality of the finding 
by Stavrianos (1945) that judged slant of plane rectangular figures 
varies directly with size. In Experiment I, equal-slant contours were 
obtained from 54 undergraduate Ss for 14 rectangles whose lengths 
varied in equal log steps from 1.0 to 42.2 cm. with a reference stimulus 
of 7.5cm. In Experiment II, 72 Ss were tested on 9 rectangles varying 
linearly in 4-cm. steps from 8 to 40 cm., with a 24-cm. reference. Ob- 
servation was monocular and under complete reduction conditions from 
a distance of 135 cm. The effect of size on judged slant was only partly 
reliable in Experiment I, but highly significant in Experiment II. The 
“size effect” was attributed to the "perspective" cue to slant which was 
shown to vary with physical size as well as slant, and was probably 
more discriminable in the stimuli in Experiment II than in Experiment I. 


In a study by Stavrianos (1945) 
on the shape-slant invariance prob- 
lem, the investigator used standard 
and comparison plane rectangles of 
different sizes to avoid the possibility 
that S could make a retinal match in 
equating slant. Even under unre- 
duced conditions of observation, the 
results of the experiment indicate 
that Ss consistently overestimated 
the slant of the larger of the two 
rectangles. This finding raises the 
possibility that (a) visual slant is a 
function not only of physical slant, 
but is also some function of size, and 
(b) a more general explanation of 
visual slant may be found in visual 
cues which can be shown to vary 
with both size and slant of plane 
rectangles. 

An earlier study (Freeman, 1962) 
replicated the Stavrianos effect under 
complete reduction conditions similar 
to those used in the experiments re- 
ported here, and with monocular 
Observation. For slants of approxi- 


l'This research was supported by Fellow- 
ship No. MH-12, 935 and Grant MH-08856-01 
from the National Institute of Mental Health. 
The assistance of John Fry, Richard Gold, 
Stephen Ludwig, and Craig Craddock is 
gratefully acknowledged. 


mately 60? "backwards" (with the 
top away from S), the effect of size on 
judged slant was highly significant 
even under monocular conditions. 
The purpose of the experiments 
described below is to determine the 
generality of the size effect on visual 
slant for a variety of sizes and slants 
of plane rectangles. 


METHOD 
Apparatus 


The apparatus consisted of two light boxes, 
one for the standard stimulus and one for the 
comparison stimulus, in each of which a 
luminous rectangle can be exposed at any 
slant, but without effective cues deriving 
from texture effects, "edges," illumination 
gradients, or background. 

The light boxes are illustrated in Fig. 1. 
The light in Box A arose from a bank of lights 
(7-w, General Electric white lamps wired in 
parallel) at the rear of the box, was diffused 
by a flashed opal glass screen, and was 
occluded by a mask with a rectangular 
aperture init. The light then passed through 
a first-surface, half-silvered mirror which was 
set at a 45? angle to the visual axis of S. The 
light from Box B followed a similar path, but 
was reflected from the first surface of the 
mirror into S's eye. The optical direction 
of the centers of the two rectangles was there- 
fore the same. The optical distance of both 
stimuli from S's viewing hole was 135 cm. 
Each rectangle was exposed for 1 sec., with 
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a .7-sec. dark period between them. The 
interval between trials was somewhat variable 
depending upon the speed of judgment of S, 
but averaged approximately 4.5 sec. 

A frame was mounted inside each box 
which could be rotated about its horizontal 
axis. One axle was attached rigidly to an 
exterior arm which was positioned in the 
plane of the interior frame. The arm, and 
the frame attached to it, could be set at any 
slant (in 1° intervals). The maximum error 
of settings is difficult to measure, but was on 
the order of 5°. In the rotatable frame inside 
the box was a cradle which received a sheet 
of single-strength glass whose first surface 
was in the plane of rotation of the frame. 
The first surface of the glass was painted with 
several coats of flat black paint rendering the 
glass opaque. Then a rectangle of specified 
size was scraped out of the layer of paint. 

Light passing over and under the frame 
inside the box was masked out by fiberboard 
light baffles hinged to the upper and lower 
edges of the rotating frame and inserted 
through silent rollers in slots in the top and 
bottom of the light boxes. Light leaks around 
the sides of the rotatable frame were masked 
by rigid baffles at the front of the box. The 
stimuli could be exposed either in order AB 
or BA by means of a switch installed in the 


Schematic diagram of the apparatus. 


(Timers not shown.) 


light circuit. The luminance of the images 
at 0° was 1.0 footlambert (ftl.). Luminance 
decreased with increasing slant, reaching 
approximately .5 ftl. at 80°, 

The height-to-width ratio of all rectangles 
in both experiments was 4:3. The experi- 
mental parameter was linear size. The 
apparent slant of each of a series of rectangles 
of different sizes was matched to the slant of 
a reference stimulus of intermediate size 
to yield equal-slant contours. A "direct" 
measure of the size effect was obtained 
(Part A) when the reference stimulus was 
used as the variable (Box A), An "indirect" 
or inverse measure was obtained (Part B) 
when the reference stimulus was used as 
standard (Box B). 


Procedure 


Two experiments will be reported. The 
principal differences between the experiments 
lay in the size range of the stimulus rectangles 
and certain information provided to S in the 
instructions. The instructions (in part) for 
both the experiments were as follows: 


The purpose of this experiment is to 
find out how people judge the orientation 
of objects in space, You will be shown two 
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rectangles at a slant, one after the other, 
They will both be slanted backward (for- 
ward) and one will always be more slanted 
than the other. Your task is to judge 
which one of the two rectangles is more 
slanted. To indicate your judgment, there 
will be two buttons in front of you, one 
farther away than the other. If the first 
rectangle is more slanted, press the far 
button. If the second rectangle is more 
slanted, press the near button. ve 

The S sat on a chair 
and observed the stimuli 
a 6-mm. hole. The sti 
luminous, 


of adjustable height 
monocularly through 
muli appeared to S as 
horizontally symmetrical quadri- 


(Exp. I, Part A—the 


e comparison stimulus and placed in 


judgments were not obtained for the 42.2.cm. 


laterals without gradient or texture, whose 
size and shape depended upon the size and 
slant of the rectangular aperture in the 
Painted mask. The standard, which was 
always in Box B, was set at either 15° 
30°, 45°, 60°, or 75°, either forward or back- 
ward. For the first of .S's judgments, the 
comparison stimulus in Box A was set at the 
same slant as the stimulus in Box B. There- 
after the slant of the comparison rectangle 
was adjusted in 2? steps according to the 
staircase method (Dixon & Massey, 1951). 
The S was presented 60 pairs for each stand- 
ard slant setting, and the mean of the last 40 
settings of the variable was obtained as the 
slant of apparent equality. Protocols were 
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rejected as unreliable if they showed Jess than 
20 reversals among 60 judgments made at 
two or more of the five slants in a given 
direction (forward or backward). In all, the 
protocols of 15 Ss in Exp. I and 6 Ss in Exp. 
II were rejected. 

In Exp. I, each of the 54 Ss (university 
undergraduates) was tested with stimulus 
rectangles slanted both backwards and 
forwards in two separate 1-hr. sessions. Also, 
prior to testing, Ss were shown the shape of 
both rectangles oriented in the frontoparallel 
plane. In Exp. II, each of the 72 Ss was 
tested in one direction only (36 Ss forward, 
36 Ss backward), and pretest exposure of the 


rectangles in the frontoparallel plane was 
omitted. The assignment of Ss to the various 
experimental conditions (parametric size, 
direct or indirect method, and direction of 
slant) as well as slant of the standard rec- 
tangle was determined by chance. The Ss 
in Parts A and B of each experiment were 
thus run intermixed. 


RESULTS 
Experiment I 


The size parameter in Exp. T 
varied from 1.0 cm. linear height to 
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42.2 cm. in equal-ratio intervals. 
The reference size in the series was 
7.5 cm. The results of Part A are 
shown in Fig. 2. The expected in- 
crease in apparent slant with in- 
crease in size was found in some, but 
not all, of the contours. The effect 
in general was rather weak. Although 
there appears to be some tendency 
for matched slant to increase with 
stimulus size, the curves are not on the 
whole monotonic and there appears 
to be considerable inter-S variability. 
No match was possible for the 42.2- 
cm. condition. Three Ss were run 
without success in obtaining reliable 
data, after which no more Ss were 
run. 

The results of Part B are shown in 
Fig. 3. In this part it was expected 
that a decrease in required slant 
would occur as a function of size. 
The results in this part of the experi- 
ment appear to be somewhat clearer, 
especially in the middle range of 
stimuli, but there are reversals at 
the upper end of the scale.? 

To analyze the statistical reliability 
of the results, a trend analysis for 
repeated measures (Grant, 1956) was 
performed. In this analysis, the 
trends analyzed were the effects of 
the physical slant of the standard 
stimulus within Ss. Since the same 
Ss were tested at all five slants in 
both forward and backward direc- 
tions, the results for forward and 
backward directions were summed 
for each S and slant (omitting re- 
sults for the 42.2-cm. stimulus). 

? The individual data and group means, as 
well as statistical analyses, presented for both 
experiments in four tables, have been deposited 
with the American Documentation Institute. 
Order Document No. 8552, from ADI 
Auxiliary Publications Project, Photoduplica- 
tion Service, Library of Congress, Washing- 
ton, D. C. 20540. Remit in advance $1.25 
for microfilmor$1.25 forphotocopiesand make 


checks payable to: Chief, Photoduplication 
Service, Library of Congress. 
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Since it was expected that the slant 
of the comparison stimulus would 
increase in Fig. 2 and decrease in 
Fig. 3, a significant variance ratio 
was expected in either the level or 
some component of trend attributable 
tothe SizeX Box interaction. Aninter- 
action variance ratio of F (12, 26) 
= 1.744 for level fell short of sig- 
nificance at p=.05. A SizeX Box in- 
teraction effect on Linear slope was, 
however, significant with F (12, 26) 
72.891, p<.05, indicating that the 
curves in Fig. 2 and 3 deviate sig- 
nificantly from parallelism as a func- 
tion of size. The effect of neither 
Size nor Box alone on Linear slope 
was significant. The only other sig- 
nificant ratio was attributable to the 
effect of size on Cubic trends, F (12, 
26) 2.301, 5 «.05, which is difficult 
to account for. This finding may 
have been limited to the particular 
conditions of Exp. I as a similarly 
reliable variance ratio was not found 
in Exp. II. 

Although the results of Exp. I 
were in the expected direction and in 
part statistically significant, inter-5 
variability was high, and the results 
as a function of size were not clearcut. 
One explanation for the lack of con- 
sistency of results lies in the difficulty 
that Ss had in judging the slant of the 
small stimuli, including the 7.5-cm. 
reference stimulus. Some of the Ss 
who were tested on the smaller 
rectangles reported that the stimuli 
seldom appeared slanted to them at 
all. Therefore the experiment was 
rerun with. a series including larger 
stimuli. 


Experiment II 


In this experiment, the reference 
stimulus was 24 cm. in height, and 
the stimulus sizes varied in equal- 
interval steps from 8 cm. to 40 cm. 
in 4-cm. intervals, for a total of nine 
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stimuli. The results of Exp. II are 
shown in Fig.4. The effect of Size was 
marked for both Box conditions, and 
in opposite directions as expected. 
Three significant variance ratios were 
obtained. (a) The SizeXBox inter- 
action in the level of the curves was 
highly significant, F (8, 36)=14.17, 
p<.001, as expected. (b) The Box 
main effect was significant, F (1, 36) 
= 5.51, p < .05, showing that the 
curves, when the reference rectangle 
' was in Box B, were on the average 
higher than when in Box A. This 


effect is probably due to the non- 
linearity of the measure of slant when 
the reference stimulus was in Box B. 
In general terms, the required adjust- 
ment of the 8-cm. stimulus in one 
direction to match the 24-cm. refer- 
ence standard does not necessarily 
equal the required adjustment of the 
40-cm. stimulus in the other direc- 
tion. (c) There was a significant 
Size Box interaction in the Quad- 
ratic Component of Variance, F (8, 
36)—3.74, p<.01. This ratio is the 
result of the bunching of the curves 
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at the left end of the curves near 0? 
in Part A and near 90? in Part B. 
Finally, although a test of direction 
(and its interactions) was possible in 
this experiment, it did not yield 
significant F ratios. 


Discussion 


The purpose of these experiments was 
to determine the generality of the find- 
ings of Stavrianos that judged slant 
varies with the size of plane rectangles 
under monocular conditions of observa- 
tion. Although the effect was highly 
significant in Exp. II, the fact that the 
larger range of sizes in Exp. I yielded 
less clearcut results suggests that it is not 
the variation of size of the stimulus per 
se which affects visual slant, but rather 
some aspect of the projective shape of 
the stimulus which varies with size and 
which was more effective in eliciting slant 
judgments in Exp. II than in Exp. I. 

One possibility is "perspective" or 
what has been called “retinal gradient of 
outline" (Clark, Smith, & Rabe, 1955). 
This cue alone has been shown to be 
effective in inducing apparent slant. 
Furthermore, there are two different 
measures of perspective which differ from 
each other but both of which vary with 
size as well as slant. First, consider 
the angle which the sides of the projective 
image of a rectangle slanted backwards 
form with the base of the image. Itcan 
be shown that 


cctnó 


tanc = [1] 
where 7 is the angle formed by the sides 
and the base of the projective trapezium, 
0 the angle of slant of the rectangle, c the 
distance of the axis of rotation of the 
rectangle from the eye, and d half the 
width of the rectangle (Freeman, 1962). 
As d increases, tan and therefore m 
decrease thus increasing the perspective 
effect. Since the width of a rectangle 
increases with size, perspective by this 
measure increases with size. Notice that 
T does not vary with the height of the 
rectangle although, of course, the height 
of the projective image does. 


ROBERT B. FREEMAN, Jn. 


Another possible measure of the per- 
spective effect, to which the eye might be 
sensitive, is the difference in projective 
length of the near and far edge of the 
slanted rectangle, and is given by 


2ad sin 0 

IU C + d* — a* sin? 0 [2] 
where ô is the visual angle of the nearer 
minus the visual angle of the farther 
edge, d, c, and 0 are as defined above, 
and a is half the height of the rectangle. 
This relationship shows that, for constant 
width, 6 varies directly with the height 
of the rectangle as well as width and the 
other parameters of the equation. When 
size varies without variation in shape as 
in these experiments, both a and d vary 
proportionately. 

Assuming that perspective is the 
effective stimulus to slant, the solution 
of either Equation 1 or 2 for the small 
stimuli reveals a possible reason for the. 
difficulty of discrimination of their slant. 
The value of x for the 1-cm. stimulus and . 
60° slant is 89°43’ or nearly 90°, The 
value of 6 for the same stimulus and slant 
is 0°0'2.5”, which is well below the limits 
of visual acuity. The small values of 
both measures of perspective for the 
small stimuli and the concurrent diffi- 
culty Ss had in making judgments 
further support the perspective hy- 
pothesis of visual slant. 

Gradients other than outline perspec- 
tive must be ruled out as possible con- 
tributors to apparent slant in these 
experiments, First, it was shown above 
that the experimental conditions elimi- 
nated both texture and luminance gra- 
dients as stimulus correlates of physical 
slant. Texture was negligible and con- 
stant. Furthermore, although it can be 
shown that some gradient in luminance 
Will occur for large stimuli whose slant 
exceeds 40°, due to differential reflectance 
which varies with angle of incidence (i), 
there is no gradient for angles less than 
40°. Yet some of the strongest effects of 
size were obtained in this range. Sec- 
ondly, if the height of the visual image 
is to be considered a special case of 
Gibson's (1950) density gradient, the 
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results were opposite to what might be 
predicted. 

Finally, the results of this experiment 
and those of Clark et al. (1955) indicate 
the necessity for care in selection of com- 
parison stimuli in investigations of shape 
and slant. For example, in the experi- 
ments of Epstein, Bontrager, and Park 
(1962) on the shape-slant invariance 
hypothesis, the different shape (and size) 
of the comparison stimuli in measure- 
ments of apparent shape and slant may 
account in part for the poor correspond- 
ence found between judged shape 
and judged slant. Similarly, Flock 
(1964) used a comparison stimulus whose 
method of presentation differed alto- 
gether from that of any of the standard- 
stimulus surfaces. 
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EFFECTS OF STIMULUS COMPLEXITY AND 
RESTRICTIVE RESPONSES! 


IRWIN L. GOLDSTEIN 
Ohio State University 


The purpose of the present study was to determine if the use of response 
classes or categories would facilitate the discriminating and counting 


of various complexities of stimulus displays. 


Tt was found that an 


increase in the number of response subclasses facilitated performance 
for displays with relatively few stimulus objects but hindered perform- 
ance for displays with comparatively large numbers of stimulus objects. 
The degree of facilitation in scenes of medium complexity was dependent 
upon the time-limitation instructions given to the 60 Ss. Both response 
time and errors increased as a function of stimulus complexity, and re- 
sponse time also increased as response subclasses were added. 


The concept of response subclasses 
or categories refers to the use of a re- 
sponse as a label to group appropriate 
classes of stimuli. A series of studies 
has appeared dealing with the identi- 
fication of ambiguous stimuli by 
restriction of the response categories 
used in identification (Long, Henne- 
man, & Garvey, 1960; Long, Reid, & 
Henneman, 1960; Reid, Henneman, 
& Long, 1960). The results indicated 
that an increase in categorical restric- 
tion (restriction of response alter- 
natives) is accompanied by an increase 
in the frequency of correct identifica- 
tions. A general interpretation of 
these and related studies (Krulee, 
1958; Krulee, Podell, & Ronco, 1954 ; 
Lawrence & Coles, 1954) is that re- 
sponse subclasses or categories im- 
prove performance by restricting the 
number of response alternatives, elim- 
inating competing response tend- 
encies, and indicating the discrimin- 
able aspects of the stimuli. However, 
Reid et al. (1960) have pointed out 


1 Based upon a dissertation submitted to 
the Psychology Department, University of 
Maryland in partial fulfillment of the re- 
quirements for the PhD degree. The author 
wishes to thank Nancy S. Anderson for her 
assistance. This research was supported in 
part by a National Institute of Mental Health 
Predoctoral Fellowship (MPM-15,722). 


that the use of response categories 
could, under some circumstances, lead 
to decrements in performance. This 
would be expected if S were required 
to perform a task with highly re- 
strictive response sets in an ambiguous 
stimulus situation. It is from this 
suggestion that the present research 
stems. 

Stimulus complexity has been de- 
fined in several different ways: Ander- 
son and Fitts (1958), Berlyne (1958), 
Gregg (1954), and Krulee et al. (1954) 
have described it in terms of the 
number of stimuli or the number of 
bits of information in a display ; others 
(Deese, 1956; Garner, 1962) have 
described it for a single object (when 
compared with other objects) in terms 
of the number of discriminable fea- 
tures of the stimulus; still others 
(Hodge, 1959; Rasmussen & Archer, 
1961) have described it in terms of 
the amount of irrelevant information 
present when only portions of the in- 
formation require a response. The 
present study was concerned with the 
first of these definitions; specifically, 
it investigated the effects of an in- 
crease in the number of stimuli in a 
display on the efficiency of response 
categorization. 

Previous studies have indicated 
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that response latency (Hick, 1952) 
and error frequency (Gregg, 1954; 
Krulee et al, 1954) increase with 
stimulus complexity. On the basis of 
these results, Berlyne (1958) has sug- 
gested that the human acts as a com- 
munication channel with a limited 
capacity for receiving increases in 
information. From this, it can be 
postulated that an increase in the 
amount of stimulus information with- 
out a corresponding increase in ob- 
serving time would result in an 
increase in error frequency. 

The present study proposed to in- 
vestigate the effects of identification- 
counting performance of level of re- 
sponse categorization at several levels 
of stimulus complexity. Of greater 
concern, however, was the nature of 
the interaction. between these two 
variables. A third variable, response- 
time limitation, was also incorporated 
into the design because of its potential 
bearing upon the complexity-categor- 
ization interaction, 


METHOD 


Subjects.—The Ss were 60 volunteers en- 
rolled in the undergraduate psychology pro- 
gram; course credit was given for participa- 
tion. 

Apparatus.—The displays used in this ex- 
periment were projections of 35-mm. slides 
taken of a constructed model airport. The 
scenes consisted of four relevant stimulus 
classes (cars, trucks, propeller-driven air- 
planes, and jet-propelled airplanes) and 
various background objects (one loading 
ramp, two radar towers, one tree, one gas 
tank, two buses, two helicopters, and four 
landing strips). 

The stimulus dimension was varied by 
changing the number of each of the four 
relevant stimulus objects appearing in amy 
scene. The three levels of the stimulus dimen- 
sion were defined as follows: a low level (Ci) 
included 1 or 2 samples of each relevant 


2 Since this study was concerned with the 
investigation of response categories to group 
information, stimuli with established names 
were chosen to obviate the necessity of 
establishing S-R association experimentally. 


stimulus class; an intermediate level (Cs) 
included 4 or 5 stimuli from each class; a 
complex level (Ci) included 9 or 10 stimuli 
from each class. The same number of back- 
ground objects appeared in every scene al- 
though their relative positions varied. 

Procedure,—Al| Ss were given instructions 
which corresponded to three levels of speci- 
ficity of response classification. For the 
response subclass designated as R; (one sub- 
class), S was required to 


. . . tell the experimenter the total num- 
ber of objects available for transportation. 
These only include airplanes, jet planes, 
cars, and trucks. Other objects do not 
count. 


For the response subclass designated as Re 
(two subclasses), 5 was required to 


. . . tell the experimenter the total num- 
ber of land objects available for transpor- 
tation (these include only cars and trucks) 
and the total number of air objects avail- 
able (these include only airplanes and jet 
planes). Other objects do not count. 


For the response subclass designated as Ra 
(four subclasses), S was required to 


. . tell the experimenter the total num- 
ber of cars available for transportation, 
the total number of trucks available, the 
total number of airplanes available, and 
the total number of jet planes available. 
Other objects do not count. 


Each S was assigned to one of three experi- 
mental groups which received instructions 
emphasizing accuracy but differing in time 
limitations. The unlimited time group 
(ULT) was told that there was no time limit 
but that they should proceed as quickly as 
possible. When S completed his last response, 
the slide was retracted and the time as well 
as S's report of what he viewed was recorded. 
The 20-sec. time-limitation group (20-T) 
was told that they had 20 sec. to complete 
the task. They were required to tell E 
their answer immediately upon finishing. 
The 10-sec. time limitation group (10-T) 
was similar to the 20-T group except for the 
shorter response time. After being given 
the time instructions, 5 was read the instruc- 
tions for one of the response subclasses and 
was then shown nine stimulus slides (three 
for each level of stimulus complexity). The 
same procedure was followed for the second 
and third response subclasses. The order of 
the three response subclasses was randomized 
for each S as was the order of the nine slides 
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shown for each of the subclasses. Thus, each 
S was shown 27 slides but was never shown 
the same slide more than once. Five sets of. 
27 slides were employed in the experiment 
with each set being used four times in each 
of the three time-limitation groups. 


RESULTS 


Mean response time.—Table 1 sum- 
marizes the mean response times (in 
seconds) for the 20 Ss in Group ULT. 
The F ratios for the stimulus dimen- 
sion, F (2, 38) = 253.85, response 
dimension, F (2, 38) = 3116.30, and 
their interaction, F (4, 76) = 169.70, 
were significant at p < .001. Thus, 
it appears that time to report increases 
with both stimulus complexity and 
number of response subclasses. 

Mean error scores —An analysis of 
the homogeneity of variance for 
errors in the three groups by Hartley's 
Fmax indicated heterogeneity of vari- 
ance (p < .001). The author chose 
not to transform the data due to the 
large number of zero error scores. 
Thus, an analysis of variance was 
performed on the mean error scores 
for each of the three groups with 
different time-limitation scores. 

An error was defined as an under- 
estimation or overestimation of the 
true number of relevant stimulus ob- 
jects. For the purpose of the follow- 
ing analysis, these scores were treated 
on an absolute basis, disregarding sign. 

"The mean error scores for the three 
time groups are presented in Table 2. 


TABLE 1 


MEAN RESPONSE Time (IN SECONDS) FOR THE 
UNLIMITED Time Group 


Simple (C) 
Medium (Ca) 
Complex (C;) 
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TABLE 2 
MEAN ERROR Scores 
Response Subclasses 
Stimulus Dimension UI 2 Sub- | 4 Sub- 
class | classes | classes 
Ri Ri | Re 
Unlimited Time Group 
Simple (Ci) 1.08 | .33| 28 
Medium (C2) 1.38 .91 | 2.27 
Complex (C3) 1.53 | 1.56 | 4.33 
20-Sec. Time Limitation 
Group 
Simple (C) .58 | .17 | 10 
Medium (C:) -77 | AS | 2.50 
Complex (C3) 1.56 | 3.15 | 17,30 
10-Sec. Time Limitation 
Si! rc ) 53 08 18 
imple 5: i i 
Medium (Ca) 128 | 147 | 475 
Complex (C;) 4.52 | 8.53 | 18.70. 


For Group ULT the 7 ratios for stim- 
ulus dimension, F (2, 38) = 124.77, 
response dimension, (2, 38) = 15.26, 
and their interaction, F (4,76) = 17.07, 
were significant at p < .001. The 
mean error score increased as à 
function of the number of stimuli in 
the slide. The response subclass 
effects had meaning only with regard 
to the interaction: under Cond. Gs 
(complex), errors increased with re- 
sponse subclasses; under Cond. Ci 
(simple), errors decreased as sub- 
classes were added; under Cond. Cs 
errors decreased from R, to Re, but 
then increased from R to Rs. The 
data shown for Group 20-T are signifi- 
cant at p « .001 for stimulus condi- 
tion, F (2, 38) = 362.63, response 
condition, F (2,38) = 253.41, and 
their interaction, F (4, 76) — 199.96. 
The trends as a function of stimulus 
complexity and response subclasses 
were similar to those reported for 
Group ULT. For Group 10-T, the 
F ratios for stimulus dimension, 

(2, 38) — 339.90, response dimen- 
sion, F (2,38) = 84.66, and their 
interaction, F (4,76) — 58.05, were 
significant at p < .001. Again, errors 
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increased as a function of the number 
of stimuli in the display. The number 
of errors decreased and then increased 
as a function of response subclasses 
for Cond. C, and increased for both 
Cond. C» and C;. 


DISCUSSION 


Stimulus complexity.—For the pur- 
poses of this study, stimulus complexity 
was defined in terms of the number of 
relevant stimulus objects. On this basis 
the present results substantiate the 
majority of earlier findings for both the 
response time (Berlyne, 1958; Garner, 
1962) and error (Berlyne, 1958; Gregg, 
1954; Krulee et al, 1954) indexes: 
Performance declines generally with in- 
creased complexity. A study has ap- 
peared in which this trend did not occur 
(Anderson & Fitts, 1958); the apparent 
reason was that information transmitted, 
rather than time or errors per se, was the 
dependent variable. This, of course, is a 
proportional measure. When the present 
error data are expressed in proportion to 
the number of stimuli presented, the 
trend is similar to the Anderson and 
Fitts study; i.e., the proportion of errors 
decreases from 16% to 4% as complexity 
increases. It is important to note, how- 
ever, that this proportional improvement 
is limited to the situation in which there 
are few response subclasses (i.e., a simple 
response situation); there is actually a 
proportional increase in errors when 
complex response categorization is in- 
troduced. Thus, even when stimulus 
complexity is defined as an increase in 
the number of objects, the relationship 
between the stimulus dimension and 
performance is contingent upon the 
dependent variable selected. 

As the number of stimulus objects in 
the display increases, imposing a time 
limitation results in an even greater 
increase in the total number of errors. 
Previously it has been stated that an 
increase in the number of stimulus 
objects without a corresponding increase 
in time to perform would result in poorer 
performance. In this study, the time 
limit constrained and limited perform- 
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ance for the complex conditions. An 
examination of the proportion of the 
total variance attributable to the stim- 
ulus dimension for the different time- 
limitation groups supports this view. 
These data indicate that the proportion 
of error variance attributable to the stim- 
ulus dimension is 23% for Group ULT, 
34% for Group 20-T, and 52% for 
Group 10-T. 

Response subclasses.—As the number 
of response subclasses increases and the 
categories become more restrictive, Ss 
are required to make more specific dis- 
criminations: Instead of merely counting 
and naming all transportation objects, 
they must count and name separately 
four different classes of objects. In 
agreement with earlier findings (Bricker, 
1955), an increase in specificity of re- 
quired discriminations (i.e. response 
subclasses) results in an increase in 
processing time. Neither this effect nor 
the overall increase in errors with 
specificity of discrimination is particu- 
larly surprising. 

Of greater importance than these main 
effects are the interactions. The signifi- 
cant Stimulus X Response interactions 
indicate that the effect of increasing the 
number of response subclasses is not the 
same for all stimulus conditions. This 
goes a long way toward specifying the 
conditions under which labels or cate- 
gories will have a facilitative effect. Ap- 
parently, detriments to accuracy are 
limited to conditions with a compara- 
tively large number of stimulus objects 
(Cs); for conditions with a relatively 
small number of stimulus objects, an in- 
crease in response categorization has a 
facilitation effect on accuracy. This 
interaction corroborates the finding of 
Reid et al. (1960) who report that for 
ambiguous stimulus conditions (mis- 
focused words) errors increase when S 
is required to fit his responses into very 
restrictive response subclasses. 

The restrictive 10-sec. time limit 
affected the use of the response sub- 
classes for this group. The effect of in- 
creases in response subclasses under 
Cond. C» and C; resulted in an increase 
in errors, The beneficial effects of an 
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increase in response subclasses only 
occurred for simple stimulus conditions, 
where a decrease in errors was found 
from the simple to the medium subclass, 
but then there was an increase in the 
more complex subclass. 

Furthermore, the effects of the time 
limit can be seen more clearly in Group 
20-T. The Ss had enough time to work 
at the simpler tasks and the results were 
more similar to Group ULT, i.e., there 
was a decrease in errors for Cond. Cy, 
an increase for Cond. C;, and a decrease 
followed by an increase as a function of 
response subclasses in Cond. C». Thus, 
the difference between Group 20-T and 
Group ULT is that more errors were 
made by Group 20-T but the functional 
relationships were similar. 

In conclusion, then, an increase in the 
number of response subclasses facilitated 
performance for the scenes with few 
stimulus objects, but hindered perform- 
ance for the complex scenes. The degree 
of facilitation in scenes with an inter- 
mediate number of objects was de- 
pendent upon the time limitation: i.e., 
there was some improvement in perform- 
ance when Ss had unlimited time or a 
20-sec. time limit, but there was no 
facilitation when the time limit was 10 
sec. It appears that any conclusion on 
the beneficial effects (decrease in error 
frequency) of response categories to 
group information must consider the 
number of relevant objects in the 
stimulus field. Further research ex- 
ploring the interaction between the 
stimulus dimension and that of response 
categories should consider other ways 
of examining stimulus complexity, eg. 
the ratio of relevant to irrelevant stimuli 
and its effect on observing responses. 
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KINESTHETIC SPATIAL AFTEREFFECT 
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Transfer of a kinesthetic spatial aftereffect from the stimulated to the 
nonstimulated arm (interlimb) and from the stimulated to the non- 
stimulated group of joints in a single arm (interjoint) has been investi- 
gated in 2 experiments. In each case the effects were compared with 
those occurring within a single arm (intralimb) and joint group (intra- 
joint). In both experiments the kinesthetic task was that of judging 
the horizontal after movement of the extended limb across a slanted 
edge. The results show that whereas there were large intralimb and 
intrajoint aftereffects, the small interjoint effect was significant in 1 of 
2 cases, and that neither of 2 interlimb aftereffects achieved significance. 
The data are discussed in terms of their relevance for theoretical issues 


including the principal explanations of kinesthetic aftereffects. 


Earlier attempts to explain spatial 
aftereffects were made in terms of 
either localized cortical events (Kóh- 
ler, 1940; Kóhler & Wallach, 1944) or 
shifts in judgmental standards (Gib- 
son, 1937b). More recent explana- 
tions have continued to stress the role 
of localized neuraleventsin cortical pro- 
jection centers (Day, 1962; Deutsch, 
1964; Osgood & Heyer, 1952) or of 
more general judgmental processes 
(Madison, 1963; Pollack, 1963; Tay- 
lor, 1962). Of basic interest for 
theory, therefore, is the extent to 
which spatial aftereffects are confined 
to stimulated sensory areas and, 
alternatively, their degree of general- 
ization to hitherto unstimulated areas. 

Although the absence of intermodal 
(visual-kinesthetic) aftereffects has 
been demonstrated (Day & Singer, 
1964), the degree of aftereffect gen- 
eralization within a sensory system 
has received little attention. Since 
kinesthetic judgments are known to 
be mediated by receptor elements in 
the region of joints and which function 
independently of muscular elements 
(Goldscheider, 1898; Rose & Mount- 

` castle, 1959), it is possible to examine 
the effects of stimulation of one joint 


upon judgments made with another. 
Further, given an appropriate task, it 
is also possible to examine transfer of 
the effect from one limb to its bilateral 
opposite. 

The absence so far of data on inter- 
limb transfer may be attributable to 
logical difficulties which occur if the 
now traditional kinesthetic width- 
estimation task is used. It is usual 
in this task to use one (test) hand to 
judge the width of a bar following 
stimulation by one of different width, 
and to use the other (comparison) 
hand for comparison using a bar of 
variable width. An investigation of 
intermanual transfer would neces- 
sarily involve stimulating the com- 
parison hand rather than the test 
hand, thus correspondingly affecting 
the comparison judgments. A task 


1 [n a recent report of three experiments, 
Moylan (1964) has shown that if the com- 
parison hand is stimulated by an inspection 
bar wider or narrower than the test bar, the 
direction of the aftereffect is opposite to that 
which occurs when the test hand is so stimu- 
lated. This finding is interpreted by Moylan 
as being at variance with the usual direction 
of the aftereffect. It is usual, however, to 
judge the test bar with the previously stimu- 
lated hand. If the inspection bar is wider 
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involving judgments of horizontality 
(Day & Singer, 1964; Singer & Day, 
1965), however, circumvents this diffi- 
culty since only one limb is used. 

The purpose of the experiments re- 
ported here was to establish the degree 
of transfer, if any, of a kinesthetic 
aftereffect from the stimulated arm to 
its unstimulated opposite (Exp. 1) 
and the degree of transfer from one 
joint group to another within a single 
arm (Exp. II). 


EXPERIMENT I 


The aim of the first experiment was 
to establish whether stimulation of 
the right or left arm by movement 
across a slanted bar affected sub- 
sequent judgments of the horizontal 
made with the other arm. For pur- 
pose of control and comparison the 
aftereffect with the stimulated arm 
was also measured. 


Apparatus.—The apparatus was adapted 
from similar equipment used in two earlier 
investigations (Day & Singer, 1964; Singer & 
Day, 1965). The centrally pivoted bar 243 
in. which could be adjusted by S with either 
the left or right hand was mounted on a table 
in the frontal plane. On the upper edge of 
the bar were raised stops which defined a 
12-in. excursion of the hand for a blindfolded 
S. The slant of the bar could be adjusted 
into any angular position about its central 
pivot with either the right or left hand by 
means of two (right and left) 2.5-in. diameter 
control knobs. These controls operated an 
endless chain and sprocket drive. A scale 
attached to a supporting frame permitted 
angular readings to the nearest .25°. A 
metronome adjusted to beat at 84 beats/min 
was used to control the frequency with which 


than the test bar, the latter will be judged 
narrower than it was prior to stimulation, 
When, after similar stimulation, the hand is 
placed on the tapering inspection bar, any 
point will be judged narrower than before 
and, in order to match the test bar, a wider 
section is found. The opposite effects de- 
riving from stimulation of test and com- 
parison hands is merely one of procedure 
but the outcome of both types of stimulation 
amount to the same thing. 
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S moved his extended arm and hand from 
side to side across the upper edge of the bar 
between the stops. 

Subjects.—There were 12 male and female 
Ss from an introductory course in psychology, 
None had received formal instruction in 
spatial aftereffects during course work and 
none had undergone the task previously, 

Procedure,—Each trial consisted of a 
pretest, a 90-sec. stimulation period, and a 
posttest. In the pre- and posttests, S, wear- 
ing opaque goggles, adjusted the control 
knobs with either the right or left hand so 
that the bar seemed horizontal to the other 
hand moving at a preferred rate across its 
upperedge. Within each trial the same hand 
was used for both the pre- and posttest. The 
angular difference in degrees between these 
two judgments served throughout as an index 
of the aftereffect. Stimulation consisted of 
rhythmic side-to-side movement of either the 
right or left hand across the upper edge of the 
bar slanted 15* from the true horizontal in 
one of the two possible directions. Motion 
of the hand was made in time with the 
metronome for 90 sec, The bar orientation 
for the pre- and posttest was always the same 
as its position during stimulation. E 

Following four practice adjustments with 
each hand, each S underwent eight trials, 
two for each of four conditions. In Cond. R 
the right hand was used for judging the 
horizontal during pre- and posttests and was 
also stimulated, while the left hand was used 
for manipulating the controls. In Cond. L 
the role of the hands was reversed. Jn 
Cond. RL the right hand was used for judging 
slant during pre- and posttests but the left 
hand was stimulated and used for manipulat- 
ing the controls. For Cond. LR the left hi 
was employed in judging slant but the right 
hand was stimulated and used for manipula- 
tion. Thus while in Cond. R and L (intra 
limb) the limb stimulated was tested before 
and after stimulation, in Cond. RL and LR 
(interlimb) the opposite limb to that stimu- 
lated was used to make judgments, before 
and after stimulation. j 

Between each trial there was a 3-min. 
rest period, earlier studies (Singer & Dayı 
1965) having shown that the aftereffect after 
90-sec. stimulation is almost entirely 
sipated. 

In one trial of each pair the bar was slanted 
upward on S's right and in the other dow? 
ward, the order of presentation of these 
slants alternating from S to S. The four 
pairs of trials were counterbalanced ove 
the 12 Ss in the form of a Latin square. 

The direction of a spatial aftereffect E | 
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TABLE 1 


MEANS AND SDs or DIFFERENCES BETWEEN PRE- AND PosTTESTS 
(AFTEREFFECTS) FoR Exp. I AND II 


Exp, I Exp. II 
R L RL LR A F FA AF 
x +4.82 +4.14 +0.60 —0.02 +3.62 +5.50 +1.23 +0.75 
SD 2.15 2.05 1.21 1.23 1.50 2.75 2.17 0.90 


a slanted edge is opposite to that of the slant 
during stimulation. Thus in adjusting the 
bar to the horizontal it was expected that 
S would slant the bar in the same direction 
as the stimulating slant in order to compen- 
sate for the aftereffect. 


Results. —The mean differences be- 
tween pre- and posttests together with 
their SDs, and each based on two trials 
are shown for the four conditions in 
Table 1. The positive signs indicate 
an effect in an expected direction for a 
spatial aftereffect and the negative 
signs an opposite direction. The mean 
differences for the two intralimb con- 
ditions (R and L) are relatively large 
and in an expected direction for a 
kinesthetic aftereffect while those for 
the interlimb conditions (RL and LR) 
are small and, in the LR condition, in 
the opposite direction from that ex- 
pected for an aftereffect. 

The two differences between pre- 
and posttest for each S under each of 
the four conditions were averaged and 
an analysis of variance carried out 
(McNemar, 1955, Case 14). This 
analysis shows that the difference be- 
tween the interlimb and intralimb 
aftereffects is significant, F (1,11) 
= 64.3, p < .001, but the difference 
between the intralimb aftereffects 
for right and left hands is not signifi- 
cant, F (1, 11) < 1. None of the pos- 
sible interactions between conditions 
achieved a significant value of F. 

, Further analysis using the two-tailed 
t test shows that while both intralimb 
aftereffects (R and L) are significantly 


different from 0, p < .01, both inter- 
limb effects (RL and LR) are not, 
p> 05. 


EXPERIMENT II 


Preliminary observations had shown 
that judgments of the horizontal could 
be made by movement of the tip of 
the index finger and of the volar sur- 
face of the lower forearm independ- 
ently. That is, finger movement could 
be made without obviously involving 
motion of the elbow or shoulder joint 
and vice versa. It was further found 
that a spatial aftereffect could be 
induced for both types of judgment. 
The aim of the second experiment, 
therefore, was to establish whether 
kinesthetic judgments involving one 
group of joints were affected by prior 
stimulation of another in the same 
limb. Following the procedure of 
Exp. I, both intrajoint and interjoint 
effects were studied in four conditions. 


Apparatus.—The apparatus was the same 
as that of Exp. I with the addition of a hand 
support on the central upright member about 
which the bar was pivoted. This support 
carried a sponge-rubber pad and served as a 
hand rest while S moved his outstretched 
forefinger across the upper edge of the bar. 
The position of the support did not interfere 
with movement of the forearm. 

Subjects.—There were 12 Ss from an intro- 
ductory course in psychology, none of whom 
were familiar with the task or who had under- 
gone formal instruction in the phenomenon 
under investigation. 

Procedure.—Using throughout the right 
arm for adjusting the position of the bar 
and the left for stimulation and judgment, 
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each trial consisted of a pretest, 90-sec. 
stimulation, and a posttest. The procedures 
were essentially the same as in Exp. I with the 
exception that the starting positions for the 
pre- and posttest which, although identical 
within a single trial, were randomly varied 
over five positions; 5.0? and 2.5? up and 
down on S's right and horizontal (0°). 

Each S underwent eight trials, two for 
each of four conditions. In Cond. F the 
index finger was used to judge the horizontal 
before and after stimulation by movement 
across the slanted bar, and in Cond. A the 
lower forearm was similarly used. In Cond. 
FA the index finger was used to judge the 
horizontal before and after stimulation of the 
arm joints by angular motion, and in Cond. 
AF the forearm was used in judgments and 
the finger joints stimulated. There were two 
trials for each condition: one with the bar 
slanted upward on S's right during stimula- 
tion and the other with it slanted down. The 
four pairs of trials were counterbalanced 
across the 12 Ss in the form of a Latin square. 


Results.—Mean differences between 
pre- and posttests for the four condi- 
tions together with SDs are shown in 
Table 1 in which positive signs in- 
dicate an aftereffect in the expected 
direction and negative signs a non- 
expected direction. As in Exp. I the 
two differences between pre- and 
posttest for each S under each of the 
four conditions were averaged and an 
analysis of variance carried out (Mc- 
Nemar, 1955, Case 14). This analysis 
shows that the difference between the 
aftereffects for the intrajoint (F and 
A) and the interjoint (FA and AF) 
conditions is significant, F (1,11) 
= 53.15, p < .001. The difference 
between the intrajoint aftereffects (F 
and AF, A, and FA) is not significant, 
F (1,11) = 3.95, p > .05. None of 
the possible interactions achieve sig- 
nificance. It can be noted that both 
pairs of intrajoint and interjoint after- 
effects are in an expected direction. 
Further analysis of the data using the 
two-tailed £ test shows that three of 
the differences (A, F, FA) between 
pre- and posttests are significantly 
different from zero difference, p< .01, 
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but that for Cond. AF the difference 
just fails to achieve significance at 
the .05 level. 


Discussion 


The data from Exp. I are convincing 
in showing that while significant spatial 
aftereffects involving judgments of hori- 
zontality occur within a single arm, the 
effect does not occur following stimula- 
tion of the other. For the experimental 
conditions used, there is no interlimb 
transfer of the effect. Part of the data 
from Exp. II, however, suggests that 
stimulation of one group of joints in the 
articulated system of the arm and hand 
results in an aftereffect when judgments 
involve another unstimulated group. 
That is, although the interjoint after- 
effect is smaller than the intrajoint effect, 
there is interjoint transfer for one of the 
conditions. ] 

This interjoint transfer of a spatial 
aftereffect should be regarded cautiously. 
Although the finger remained at rest 
while the arm was moved, and the arm 
at rest during finger movement, it is still 
conceivable that some degree of muscular 
involvement occurred in the “resting 
segment. Since the muscle sheaths 
contain Pacinian elements (Geldard, 
1953) it is possible that the transfer of 
the effect from one joint group to 
another was mediated by minimal in- 
volvement of the Pacinian corpuscles 0! 
the sheath which, unlike the muscle 
stretch receptors, could signal spatial 
information. 

With this caution in mind, however 
it seems from the data reported here that 
the generalization of a spatial aftereffect 
to judgments involving previously Ut 
stimulated receptor groups is, at the 
most, limited to a single limb. There 1$ 
no evidence for bilateral transfer of the 
effect. This finding tends to support 
those explanations which emphasize the 
role of localized neural processes in the 
generation of spatial aftereffects rather 
than those which stress the part pla 
by judgmental standards or norms. 

The absence of interlimb transfer of 
this kinesthetic spatial aftereffect bears - 
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on an issue which has a long and contro- 
versial history in the study of visual 
aftereffects. Although interocular trans- 
fer of visual aftereffects, especially be- 
tween homonymous retinal areas, has 
been accepted as evidence for the central 
origin of the neural processes involved 
(Gibson, 1937a; Kohler & Wallach, 
1944; Walls, 1953), the validity of this 
evidence has been questioned (Day, 
1958). He has argued that since the 
fields of vision of the two eyes overlap 
extensively, an effect induced in one eye 
could influence a judgment made with 
the other, even though the former is 
occluded when the test is made. But 
this argument does not apply to inter- 
limb transfer of the kinesthetic aftereffect 
where there is no analogue to the fields 
of vision. Thus the kinesthetic task 
used here provides a relatively straight- 
forward test for bilateral transfer of a 
spatial aftereffect. The data indicate 
that no such transfer occurs. Further 
interest is added to this finding by the 
observation that the afferent pathways 
from both sides of the body converge 
upon the second somatic sensory area 
(Houssay, 1955; Mountcastle, 1961). 
Thus, even though the afferent fibers 
from the bilaterally opposite limbs con- 
verge upon a single cortical region, the 
effects of stimulation are confined to the 
stimulated limb. 

There is a further issue to which the 
present data are relevant. The satiation 
theory has been more recently invoked 
to explain certain learning effects in 
pattern discrimination (Kohler & Fish- 
back, 1950a, 1950b). It follows that if 
the cortical processes underlying spatial 
aftereffects are identical with those 
underlying pattern discrimination the 
transfer effects would be similar. It has 
been demonstrated, however, that with 
an intact corpus callosum learned pat- 
tern discriminations exhibit bilateral 
transfer (Sperry, Stamm, & Miner, 1956; 
Stamm & Sperry, 1957). It has been 
shown here that spatial aftereffects do 
not exhibit bilateral transfer. It is 
unlikely, therefore, that the cortical 
processes involved in the two phenomena 
are the same. 
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REMINISCENCE IN SHORT-TERM RETENTION ! 


LLOYD R. PETERSON 


Indiana University 


Lists of 5 paired associates were presented once and recalled after 0, 8, 
16, or 24 sec. of interpolated activity. Pairs of words from the last 
positions in presentation were found to be recalled with decreasing 
frequency as the interval of interpolated activity began to lengthen, 
but then they increased in frequency. Earlier pairs in presentation 
tended to be recalled with greater frequency as the interval lengthened. 


It has been found that a list of 
paired associates recalled immediately 
after a single presentation yields recall 
data relative to position in presenta- 
tion which have both recency and 
primacy characteristics (Tulving & 
Arbuckle, 1963). The last two posi- 
tions in presentation of a 10-pair list 
were superior in recall to earlier posi- 
tions on tests in the initial positions 
of a test sequence. However, the 
first two positions in presentation were 
recalled best on tests occurring later 
in a test sequence. In all positions of 
testing the middle of the list in 
presentation showed inferior recall. 

The finding that interference from 
testing had a greater effect on pairs 
presented last than it had on pairs 
presented earlier in the list seems 
reasonable, since forgetting curves 
typically show their greatest drop 
early in the curve. The passage of 
time, which included interference from 
testing, would then be expected to 
have the greatest effect on the most 
recently presented pairs, with earlier 
pairs already having passed the period 
of steepest decline. The primacy 
characteristics might then be inter- 
preted in terms of higher asymptotes 


1 This research was facilitated by Grant 
GB 704 from the National Science Foundation 
to Indiana University. Margaret Frye and 
Susan Kroener assisted in various aspects of 
the research. Charles Brewer conducted some 
* preliminary experiments concerned with the 
same problem. 


resulting from superior learning in the 
initial positions of presentation. 

The present experiment was de- 
signed to study the effect of inserting 
intervals of varying lengths of time 
spent in irrelevant activity between 
the end of presentation and the be- 
ginning of a test sequence. The find- 
ing of a decrease in recall of the last 
presented pairs would be of signifi- 
cance for theories of forgetting, as 
would the finding of a differential 
effect on the earlier pairs in presenta- 
tion. A study reported briefly by 
Keppel and Underwood (1961) sug- 
gests that reminiscence is a possibility. 


METHOD 


Subjects, —Eighty introductory students at 
Indiana University served as Ss to fulfill a 
class requirement. 

Apparatus.—A memory drum was set to 
turn every 4 sec. Sliding shutters permitted 
any one of four columns on a 3-ft. paper tape 
to be exposed. 

Learning materials.—Single-syllable famil- 
iar words were used to make up the pairs, 100 
three-letter words serving as stimuli, and 100 
four-letter words serving as responses. Stim- 
uli were randomly paired with responses with 
the restriction that obvious relationships were 
returned to the pool for reassignment. Pairs 
were randomly assigned to 1 of 20 lists. 

Procedure.—Four intervals between pres- 
entation and test were used, 0, 8, 16, and 24 
sec. Lists were assigned randomly to the four 
retention conditions in such a way that each 
condition was tested five times in the course 
of one session. Two different assignments of 
lists to conditions were made, each being used 
with half of the Ss. The order of conditions 
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POSITION IN PRESENTATION 


Fic. 1, Recall as a function of position in 
presentation and retention interval. 


over the session was randomized. Each of the 
positions in presentation was tested first 
equally often, and the succeeding tests in a 
sequence followed randomly. This random 
ordering did not result in complete equality 
of frequency for positions in presentation at 
each position in testing for the latter part of 
the list. However, since Tulving and Ar- 
buckle have shown differential recall only for 
the initial positions in testing, this failure to 
counterbalance is not thought to have resulted 
in any significant bias, This conclusion is 
supported by the data from the first positions 
in testing, where complete counterbalancing 
occurred. These data showed similar trends 
to that of later positions in testing. 

Each pair was shown on successive turns of 
the drum until five pairs had been presented. 
In the 0-sec. condition the cue words were 
then presented one by one. The Ss were in- 
structed to pronounce aloud each word when 
it appeared, and to supply the missing word 
when stimuli appeared alone. Guessing was 
encouraged. 

A second task was introduced during the 
8, 16-, and 24-sec, intervals. After the fifth 
pair in presentation, eight random digits 
appeared in the drum aperture. The same 
number of digits appeared on succeeding 
turns of the drum until the interval was filled, 
save that on the turn of the drum before the 
first cue word only four digits appeared. It 
was considered that S should have an op- 
portunity to prepare himself for a different 
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task. The Ss were instructed to read aloud 
all digits that appeared, if possible. From the 
end of the test sequence for one list until the 
beginning of the presentation of the next list 
45 sec. elapsed, during which time S sat 
quietly in his chair, having been told to rest, 
The beginning of the next test was signaled 
by E saying, "Ready." 


RESULTS AND DISCUSSION 


Figure 1 summarizes the propor- 
tions correctly recalled by position for 
the four retention intervals. An 
analysis of variance resulted in signifi- 
cance for Position, F (4, 316) = 10,2, 
as well as the Position X Retention 
interaction, F (12,948) = 8.5. The 
interaction between Position and Re- 
tention involved significant linear and 
quadratic components. Inspection. of 
Fig. 1 indicates a curvilinear trend in 
recall of Positions 4 and 5, with recall 
first decreasing and then increasing. | 
On the other hand, Position 3 first 
increased through 16 sec. and then 
decreased, although even the 24-sec. 
interval was significantly higher than 
the 0-sec. interval, / (237) = 3.09. 
Positions 1 and 2 tended to increase 
up to 24 sec., although only Position 1 
was significantly higher at 24 sec. than 
at 0 sec., ¢ (237) = 2.26. 4 

It is apparent that the 0-sec. in- 
terval was zero only for a pair 
presented in the fifth position, and 
then only when such a pair was test 
first. For the earlier pairs in presenta- 
tion the initial sharp drop in the re- 
tention curve had already occurred. 
Since there is evidence that immedi- 
ately after presentation recall is close 
to 100%, it may be inferred that à 
decreasing and then increasing reten- 
tion function is characteristic of the 
earlier positions as well as Positions 
and 5. When only those tests of 
Position 5 that were tested first are 
considered, the proportions recalle 
correctly were .96, .39, .49, and .52 in 
order of increasing amount of inter- 
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vening activity. This more precise 
determination of the length of the 
retention interval sharpens the curvi- 
linear effect. 


The effect of increasing amounts of 
dissimilar verbal activity in first de- 
creasing and then increasing correct 
recalls is suggestive of a multifactor 
forgetting process. In this respect the 
present data support those from other 
short-term retention experiments (Peter- 
son, 1963a, 1963b). The passage of 
time with its irrelevant activity prevent- 
ing rehearsal and presumably producing 
interference reduces the immediate avail- 
ability of the verbal items just presented. 
Thus the very high recall typically found 
shortly after presentation decreases. 
However, this decrease in general avail- 
ability of all the learning materials 
permits specific cues to operate more 
efficiently. Interference from multiple 
pairings is dissipated, and there is found 
an eventual increase in correct recalls. 
Thus, an explanation in terms of differ- 
ential forgetting does not seem im- 
plausible. 

It should be noted that a study of the 
retention of two pairs of words tested 
after intervals of 4, 8, or 16 sec. filled 
with counting backward as the inter- 
vening activity found recall to decrease 
without later increasing (Peterson & 
Peterson, 1962). The major difference 
between that study and the present one 
would appear to lie in the number of 
pairs involved. It is likely that as the 
number of pairs in a list increases a 
greater amount of interference is gen- 
erated. The more the interference the 
greater would be the possibility of find- 
ing reminiscence when the interference 
dissipates. 

It might be expected on the basis of 
the above interpretation that errors in 
the 0-sec. condition should be from the 
fourth and fifth positions in presentation, 
and that errors from these positions 
should decrease with time. An analysis 
of errors did not show any discernable 
trends, however. Before this absence of 
error trend is considered evidence against 
differential forgetting, it should be noted 
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that there are strong indications that Ss 
refrain from voicing responses that occur 
to them which they recognize as errors 
(Peterson, Brewer, & Bertucco, 1963). 
Hence a failure to find decreasing within- 
list errors cannot be considered critical. 
Another possible explanation of the 
data from the present experiment might 
be phrased in terms of consolidation 
of the associative component of recall. 
Walker and Tarte (1963) have reported 
data on recall over longer intervals than 
those of the present experiment which 
they interpret as supporting a consolida- 
tion theory. Thus the present findings 
of increased recall with the passage of 
time would reflect an increased resistance 
to interference during recall. Consolida- 
tion might also account for the superior- 
ity of spaced over massed presentations 
found after all but very short retention 
intervals (Peterson, Wampler, Kirk- 
patrick, & Saltzman, 1963). With 
spaced presentations a longer time has 
elapsed since the initial pairing and hence 
there has been greater opportunity for 
consolidation. However, the mechan- 
isms which might be involved in consoli- 
dation under conditions where S is 
engaged in controlled verbal activity 
unrelated to the materials being con- 
solidated are unknown. For this reason 
a differential forgetting interpretation 
of the reminiscence in the present ex- 
periment may be equally likely. 
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NEW ILLUSORY EFFECT OF 
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Denison 


THE MÜLLER-LYER FIGURE! 


MOUNTJOY 


University? 


A group of 18 Ss instructed to equate the center points (apexes) of the 
Miiller-Lyer arrowheads in the conventional manner was compared 
to groups instructed to equate the tips (upper or lower points). The 
upper- and lower-point groups exhibited a reversal of the usual direction 


of initial error and of the direction 


of change in magnitude of error as a 


function of trials. This finding is not consistent with the satiational 


interpretation of the usual decre! 


ments to the Müller-Lyer obtained 


with instructions to equate the apexes of the arrows. Attention is 
drawn to the alternative interpretation of these decrements as habitua- 


tory decrements. 


If the figural aftereffects interpreta- 
tion of decrements to the Miiller-Lyer 
figure is correct, these decrements are 
the result of progressive satiation of a 
brain field with a consequent shift in 
the pattern of this field. The figural 
aftereffect literature which discusses 
the Müller-Lyer illusion (Kóhler & 
Fishback, 1950a, 1950b; Kóhler & 
Wallach, 1944), gives no reason for 
assuming that shifts in visual appear- 
ance are due to any factor other than 
the geometry of the brain field. Con- 
ventionally, Ss are instructed to set 
the apexes (center points) of the 
Miiller-Lyer arrowheads at equal dis- 
tances. Instructions to set the tips 
(e.g., upper points, or lower points) of 
the arrowheads at equal distances 
would not change the essential geom- 
etry of the visual field, and if satiation 
is the responsible process, should 
produce displacements quite similar 
to those produced by the conventional 
instructions to set the apexes at equal 
distances. If instructions to set the 

1This investigation was supported by 
Research Grant M-2398 from the National 
Institute of Mental Health, National Insti- 
tutes of Health, Bethesda, Maryland and by 
the Denison University Research Foundation. 

2Now at Western Michigan University. 
This report was prepared during the author's 
tenure as Visiting Associate Professor at 
University of Wisconsin, Milwaukee. 


tips of the arrowheads equal do not 
produce displacements similar to those 
produced by instructions to set the 
apexes equal, it would appear that 
satiation is not the process responsible 
for changing response to the figure in 
either case. 


METHOD 


Subjecis.—Each of 54 introductory psy- 
chology students was assigned randomly to 
one of three groups on the basis of order of 
appearance. 

Apparatus.—The apparatus used has been 
described elsewhere (Mountjoy, 1958a) and 
contained a visual field 35.50 cm, high and 
78.75 cm. wide. For the center-point group 
the distance between the apexes of the 
standard arrowheads was 152 mm, (Distance 
AB in Fig. 1). Considering objective equality 
as the 0 point, the comparison arrow could be 
moved from +125 mm. (Position C, too close 
to B) through objective equality (0) to —34 
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Fic. 1. Brentano version of the M-L. 
(The dotted arrowheads to the right represent 
the movable comparison arrowhead at the 
extreme positions of travel. Objective 
equality lies between C and D for the apexes, 
and between C’ and D' for the other con- 
ditions.) 


119 


A 


120 


mm. (Position D, too far away from B). 
Thus, the total possible travel of the com- 
parison arrowhead was 159 mm. In the case 
of the upper-point group, only the standard 
of reference was changed. The standard 
distance was 101 mm. (A’ B’ in Fig. 1) and the 
comparison could be moved from +24 mm. 
(Position C', too close to B^) through objective 
equality (0) to —135 mm. (Position D', too 
far away from B’). The lower-point group 
was analogous to the upper-point group. The 
total possible movement of the comparison 
arrowhead was physically equal for all three 
groups, but each group was instructed to 
consider a different portion of the standard 
arrowheads as the distance to be matched by 
positioning of the comparison arrowhead. 
Procedure,—Three groups were run on the 
same apparatus, with differential instructions. 
One group was instructed to use Distance AB 
as its standard (instructed to set the apexes 
of the arrowheads equal), one was instructed 
to use Distance A’ B’ as its standard (in- 
structed to set the upper tips of the arrow- 
heads equal), and one to set the lower tips 
equal. During the reading of the instructions 
an initial measurement was obtained on each 
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S (in the guise of a practice trial) with a 5-seo, 
adjustment period. Each S then received an 
additional 30 trials with a 20-sec. preadjust- 
ment exposure period, a 5-sec. adjustment 
period, and a S-sec. intertrial interval, The 
Ss were then interrogated regarding their 
knowledge of the illusory nature of the 
Müller-Lyer (M-L). 

The position of the comparison arrowhead 
at the beginning of each trial was determined. 
by 18 random orders, each order being used 
once in each group. In this fashion the 
position of the comparison arrowhead during 
the 20-sec. preadjustment exposure period 
was identical for all groups, and presumably: 
equivalent satiation patterns were present in 
each of the three groups. 


RESULTS AND DISCUSSION 
Error in absolute units of Müller- 
Lyer illusion —The basic experimental 
question to be answered was whether 
displacement (shift in magnitude of 
error) of the comparison arrow as a 
function of trials would proceed in a 
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similar manner for the three groups. 
Therefore the settings of all Ss were 
first plotted as deviations from the 
same point (objective equality for the 
apexes). This procedure produced 
the conventional error curve for the 
center-point group, and allowed a 
direct comparison of the upper- and 
lower-point groups’ settings based on 
the same reference point. Inspection 
of Panel A in Fig. 2 indicates that the 
center-point group exhibited displace- 
ment in one direction while the upper- 
and lower-point groups exhibited dis- 
placement in the opposite direction. 
'The comparison arrow was set closer 
to the standard arrows (B of Fig. 1) 
throughout by the upper- and lower- 
point groups, as would be expected 
since the standard distance (A’B’) 
was smaller for these groups. The 
upper- and lower-point groups over- 
estimated the length of the Standard 
Distance A'B', while the apex group 
underestimated the length of the 
Standard Distance AB. All groups 
approached objective equality as a 
function of trials. 

Deviation from 0 (objective equal- 
ity for the apex group) was tested for 
groups separately on Trial 1 and on 
the last block of trials. A trend test 
was used to evaluate the effects of 
Group, Blocks, and Blocks X Group 
interaction effects. Individual /'s for 
independent groups evaluated differ- 
ences between groups on Trial 1 and 
the last block of trials. A ¢ for paired 
measures was used to test the relia- 
bility of changes between Trial 1 and 
the last block of trials for each group 
separately. All of these statistics 
were significant beyond the .01 level 
of confidence. 

Because the position of the com- 
parison arrow was identical for all 
groups during the preadjustment ex- 
` posure period, the geometry of the 
visual field did not differ between 
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groups. Since displacement occurred 
in one direction for the apex group 
and in the opposite direction for the 
other two groups it would apparently 
be necessary to assume that satiation 
proceeds in two directions in order 
to encompass these data within the 
framework of figural aftereffect theory. 
It appears to be more reasonable to 
conclude that satiation is not the proc- 
ess which is responsible for changing 
response to the Miiller-Lyer figure. 

Error with apexes and upper or lower 
points as standards of reference.-—The 
settings of the upper-point group were 
next plotted as deviations from ob- 
jective equality with the upper points 
(A'B/) serving as the reference point. 
An analogous plot was prepared for 
the lower-point group. These curves 
are compared to the previously ob- 
tained curve of the center-point group 
in Panel B of Fig. 2. It is conven- 
tional to record the usual illusory 
effect of the figure—settings which 
underestimate the Distance AB—as 
positive units, and to record settings 
which overestimate the Distance AB 
as negative units. This convention 
has been followed for over- and under- 
estimates of Distance A'B' for the 
upper-point group, and similarly for 
the lower-point group. 

It is evident that the upper- and 
lower-point groups exhibited essen- 
tially a reversal of the direction of 
initial error (overestimated Distance 
A'B’), since minus values were ob- 
tained, while the center-point group 
displayed the usual illusory effect of 
the figure (underestimated Distance 
AB). In both upper- and lower-point 
groups the magnitude of error de- 
creased (as a function of trials), and 
displacement proceeded in the op- 
posite direction for these two groups 
as compared to the center-point 
group. The magnitude of initial error 
is approximately equal for both 
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groups, as is the rate of change. Since 
a conversion expressing the error as a 
percentage of the appropriate stand- 
ard distance did not change the ap- 
pearance of the curves, all analyses 
were carried out on millimeters of 
error. 

Deviation from 0 (objective equal- 
ity based on AB for the apex group 
and on A'B' for the upper-point 
group, and analogously for the lower- 
point group) was tested for groups 
separately on Trial 1 and on the last 
block of trials. A trend test was used 
to evaluate the effects of Group, 
Blocks, and Blocks X Group inter- 
action effects. Individual /'s for 
independent groups evaluated differ- 
ences between groups on Trial 1 and 
the last block of trials. A ¢ for paired 
measures was used to test the relia- 
bility of changes between Trial 1 and 
the last block of trials for each group 
separately. All of these statistics 
were significant beyond the .01 level 
of confidence. 

The finding that instructions to 
equate the tips of the arrowheads 
reverse the direction of initial error 
and the direction of displacement 
appears to present difficulties for a 
figural aftereffects interpretation of 
these data. It appears reasonable 
to assume that instructions regarding 
which aspects of the figure are to be 
attended to are determinants of dis- 
placement, rather than the geometry 
of the visual field and consequent 
development of greater amounts of 
satiation within certain tions 
this field. on g 

This finding does not appear to 
present difficulty for Mountjoy’s ha- 
bituation hypothesis (1958a; 1958b; 
1960; 19612; 1963) since “illusion” is 
defined as an error whose direction is 
predictable and which tends to dis- 
appear as a function of trials and of 
other experimental variables, Allthat 
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is necessary to encompass such a 
datum is the demonstration that th 
changing response to this new illusory 
effect is related to experimental vari- 
ables in the same manner as are the 
decrements to the conventional illu- 
sory effect. 

Error with original direction of error? 
given positive sign.—Conventionally 
the original direction of error to the 
M-L is given a positive sign, and 
negative sign is assigned to errors on 
the opposite side of objective equality. 
If this convention is followed for 
the upper- and lower-tip groups the 
curves represented in Panel C of Fig. 2 
are obtained. "These curves are again 
compared to the curve of the apex 
group. In this case the original direc- 
tion of error (overestimation of A'B' 
and underestimation of AB) may be 
seen to be approximately equal, and 
the course of decrement for all three 
groups may be regarded as similar. 
It may be assumed that identical 
processes are operative in determining 
the progressive decrement as a func- 
tion of trials exhibited by all three 
groups. Empirical identification of 
these processes appears feasible with 
modified versions of the M-L. 

Sophistication and naiveté.—On the 
basis of responses to interrogation re- 
garding their knowledge of the figure; 
Ss were categorized as either sophisti- 
cated (able to describe the illusory 
effect with regard to the apexes o! 
the arrowheads) or naive (unable to 
verbalize the illusory effect with 
regard to the apexes of the arrows)» 
Evaluation of change from Trial 1 to 
the final block of trials as a function 
of sophistication and naïveté was 
carried out by a ¢ for paired measures 
for each group separately. Neither 
statistic approached the .05 level of 
confidence. It may be concluded that 
sophistication regarding the illusion 
figure has no effect upon the change if! 
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response to either the center or upper 
or lower points of the figure. Mount- 
joy (1958a; 1958b; 1960; 1961a; 
1961b; 1963) has previously reported 
independence of sophistication and 
decrement with conventional apex 
instructions. 
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TASK CHARACTERISTICS IN SEQUENTIAL 
DECISION BEHAVIOR! 


WILLIAM C. HOWELL 
Ohio State University 


Optional stopping behavior was studied for a task in which multiple 
perceptual discriminations were required and payoff declined with 
sequential information gathering. 36 experienced Ss served under 4 
levels of difficulty (defined psychophysically) for riskless and risky 
problems; they were assigned randomly to 4 groups for investigation of 
monetary vs. nonmonetary incentives and 2 modes of varying difficulty. 
Findings indicate that decisions approximate maximum expected values 
(EVs) over a wide range of task situations but are most efficient for 
intermediate levels of difficulty and riskless conditions. Contrary to 
earlier reports, neither the kind of incentive nor the difficulty mode 
appears to have an appreciable effect on performance, It is suggested 
that subtle aspects of EV functions may have an important bearing upon 


optional stopping behavior. 


Many decisions required of humans 
exhibit something of a sequential 
nature: i.e., each choice made in suc- 
cession has some bearing upon all 
choices available thereafter. One 
class of such sequential decision tasks 
involves the gathering of information 
for an ultimate choice among alter- 
native courses of action. At each 
point in time, the decision maker 
must decide whether to choose a 
terminal course of action on the basis 
of current information, or whether to 
draw more information and postpone 
the ultimate action. This task situa- 
tion is aptly described as one involving 
"optional stopping," and several con- 
ceptual models have been adapted to 
account for human behavior in dealing 
with it. One approach considers the 
human as operating within relatively 
fixed probability limits. Before he 
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begins drawing information he decides 
upon the a and £ error risks which he 
will tolerate; he samples information: 
until the likelihood ratio for alter- 
native terminal actions exceeds bl 
(1 — a) or (1 — 8)/a, at which point 
he makes his final decision. (Wald, 
1947). Another approach views the 
human as being considerably more 
pragmatic, revising his o and £ toler- 
ances, as it were, after each new piece 
of information has been gathered. 
The level at which these tolerances 
are set depends largely upon costs and 
payoffs associated with the alternative 
outcomes relative to the cost of draw- 
ing more information (Edwards, 1962). 

Empirical evidence is sparse for 
both of these positions, and what little 
there is has dealt almost exclusively 
with simple two-choice problems. 
Becker (1958) has provided some data 
supporting, as a first approximation 
the former position; Irwin and Smith 
(1957) have produced evidence against 
it. Edwards (1963) has reported work 
favoring the latter model. Clearly; 
even for conceptually simple tasks 
such as these, there is little basis for 
a choice among existing models. Fur- 
thermore, it would be difficult to pre 
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dict how the findings of such studies 
would generalize to more complex or 
difficult decision situations. There- 
fore, the purpose of the present re- 
search was not to test any existing 
model, but rather to expand the em- 
pirical base upon which new models 
can ultimately be developed or old 
ones evaluated. 

The direction taken in this research 
was toward increasing levels of task 
difficulty. First, a task was developed 
in which four, rather than two, 
terminal alternatives existed, and in 
which the probability estimates in- 
volved in each decision required 
perceptual discrimination rather than 
mere frequency comparison. Second, 
the major variable studied was task 
difficulty which appeared in two differ- 
ent forms at four levels each. Some 
form of difficulty has emerged as a 
powerful choice determinant in many 
decision experiments (e.g., Becker, 
1958; Edwards & Slovic, in press; Ir- 
win & Smith, 1957 ; Schrenk, 1964), but 
as yet few attempts have been made to 
explore it systematically. Except for 
the earlier studies in the present series 
(Howell, Weizmann, & Schrenk, 1963 ; 
Schrenk, 1964), difficulty has com- 
monly been defined on a prima facie 
basis and varied dichotomously (obvi- 
ously easy vs. obviously difficult as in 
Becker, 1958). In the Howell et al. 
and Schrenk studies, several levels 
of difficulty were compared, but the 
measurement of these levels was far 
from adequate. Furthermore, results 
which suggested that objectively 
equivalent ways of varying difficulty 
lead to differences in decision be- 
havior were inconclusive because of 
the inadequacy of difficulty measures. 
The present study, therefore, sought 
a better understanding of the relation- 
ship between difficulty and decision 
behavior, with difficulty restricted to 
discriminal parameters. 

Two other variables were studied at 
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two levels each. The first of these was 
termed risk and referred to the pres- 
ence or absence of a cost for making a 
wrong decision ; the second was termed 
incentive and referred to the currency 
in terms of which performance was 
rewarded or penalized (money and 
points were compared). The im- 
portance of these variables lies in the 
fact that the utility associated with 
alternative outcomes forms an integral 
part of most current decision models 
(Edwards, 1961). It has been sug- 
gested that money may be the most 
reliable value measure for decision ex- 
periments by virtue of its probable 
linear association with subjective 
utility (at least over restrictive ranges, 
Edwards, 1955), its motivational 
value, and its lack of ambiguity (Ed- 
wards, 1961). Since experiments are 
frequently designed with nonmone- 
tary costs and payoffs, it becomes 
meaningful to determine for an iden- 
tical task the degree to which results 
generalize from one currency to the 
other. What nonlinearity has been 
found using monetary payoffs occurs 
for negative values. Thus, it is also 
meaningful to consider how seriously 
decision behavior is affected by the 
magnitude of the quantity risked for 
wrong decisions. The eight difficulty 
conditions provide a wide range of 
decisions over which to assess the 
importance of these two variables. 


METHOD 


Subjects: —Four groups of nine Ss each 
served under all combinations of difficulty 
level and risk; groups were defined, therefore, 
on the basis of mode and incentive conditions. 
All Ss were paid volunteers enrolled at Ohio 
State University and were highly trained on 
the present task. 

Apparalus.—All programing of input se- 
quences, generation of display formats, and 
scoring of responses was accomplished using 
a combined IBM 1401-7094 digital computer 
system. Linked directly to this system were 
four independent CRT consoles which served 
to display the information generated by the 
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as 


Fic. 1. Representation of a display show- 
ing the four input functions after five data 
points have been received on each. 


computer and to permit response selection 
through attached subroutine select buttons, 
This arrangement made it possible to gather 
data Wed four Ss dimiltsnepushy—but in- 
'y—using the same input sequence. 

Task and variables.—Basically, the task 

ired S to judge which of four linear, but 
unreliable, input functions was increasing at 
the fastest rate. Data points for these 
functions were simply dots located in the 
space defined by a set of X-Y axes. To 
avoid clutter, the points for each function 
(source) were displayed on a Separate set 
of axes, and a constant reference line was 
included to aid in comparisons among them, 
bat d sec. for a total of 100 sec. one data 
point appeared from each source. Fi el 
illustrates a display in which five uU 
(for each function) have been received, The 
basic discrimination task, then, was to deter- 
mine which of the four functions was growing 
most rapidly. To provide the sequential 
decision aspect of the task, S was compensated 


S continued receiving inputs (data ooi 
points) 

E = 
deci E Brei well informed to 
formation (i.e., the function with the greatest 
I g the appropriate response button, A 
immediate feedback was provided indicating 
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whether he was right or wrong, how much 
gained or lost, and what the correct an 
was, 

Performance was evaluated using three 
major indexes: (a) average probability. 
error, (b) average efficiency (relative to 
optimum), and (c) average algebraic error in 
stopping. These are all explained more fully 
in conjunction with the results. A fourth, 
average amount earned, was taken merely to 
validate the probability of error estimates, 

The independent variables studied using 
this task were difficulty level, diffic ulty mode, 
risk, and incentive, Difficulty was introduced. 
at four levels by manipulating the discrimina- 
bility among alternative input functions, 
Two ways in which this can be accomplished 
are by changing the differences in increase 
rate among the four input functions (i.e, 
the differences in slope constants), and by 
changing the amount of noise or variability 
associated with these functions; the two 
difficulty modes, therefore, are termed slope 
difference and variability, respectively. 

In order to study independently both level 
and mode of difficulty, it was first necessary 
to obtain comparable levels for both modes, 
This was accomplished in a preliminary psy* 
chophysical study using the current apparatus 
and stimuli, but requiring S to choose the 
most rapidly increasing function at five pre 
determined points (Goldstein, 1964). From 
these data the functions in Fig. 2 were ob- 
tained describing the estimated correct re 
sponse probability for any potential stopping 
Point for each of eight (2 Modes X 2 Levels) 
difficulty conditions. Levels of difficulty will 
hereafter be designated ordinally from 1 
(easy) to 4 (difficult) and may be interpre 
most readily by referring to the appropriate 
functions in Fig. 2, 

The risk variable was included to deter- 
mine whether a decision maker behaves in & 
similar fashion, from statistical and economic 
standpoints, regardless of whether or not he 
has something to lose. Performance was 
compared on riskless decisions, in which in- 
Correct choices resulted in 0 loss, and on risky 
ones, in which a loss of 25 points or $.05 was 
assessed. Also compared were two incentive 
conditions: money payoff and point payoff 
Under money payoff a correct choice was 
worth from $.10 to $.00 as information in- 
creased from 0 to 50 inputs; under point 
Payoff it was worth from 50 to 0 points ovef 

same range. Incorrect choices cost thé 
decision maker nothing (riskless decisions) of 
one half the maximum payoff (risky decisions) 
regardless of when they occurred. E 

Design and procedure—A mixed analysis- 
of-variance model was used in which mode 
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VARIABILITY 


Difficulty 
Level 
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Input Number 


FiG.2. Psychophysical correct response functions for all four levels of difficulty. (The upper 
portion represents the slope difference mode; the lower portion, the variability mode.) 


and incentive were between-Ss variables; 
difficulty and risk were within-Ss variables. 

. Sixteen decision problems were performed 
in 1 hourly session and each S served for 12 
such sessions, Except for the first 4 sessions 
(training), during each of which two condi- 
tions were completed, each experimental 
session was devoted to but one combination 


of difficulty and risk level. Insofar as possible, 
the order in which the eight conditions were 
administered during the last 8 sessions was 
counterbalanced over Ss. The sequencing of 
inputs within each problem was randomized 
by a special computer program; the chances 
of any sequence occurring more than once 
was virtually zero. 
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RESULTS AND DISCUSSION 


The major findings will be described 
separately for each of the three per- 
formance indexes. 

Error probability.—Figure 3 indi- 
cates the average probability of error 
associated with choices made under 
the various experimental conditions. 
Only those conditions which achieved 
statistical significance (p « .01) ap- 
pear in Fig. 3. It is readily apparent 
that a highly significant increase in 
error probability occurs as decision 
difficulty is increased. This supports 
the notion that mere statistical con- 
siderations are not sufficient to explain 
S's decision behavior—that he is, in 
fact, quite willing to accept error 
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probabilities of from .15 to nearly .40 
if economic considerations so dictate, 
It is interesting to note that con- 
sistently higher error probabilities are 
accepted in the riskless than in the 
risky situation. An analysis of vari- 
ance indicated that both of these vari- 
ables are highly significant: F (3, 72) 
= $49.26 for difficulty level; F (1, 24) 
— 10.07 for risk. The mode effect, 
although nonsignificant by itself, did 
interact significantly with difficulty, 
F(3,72) — 15.70. This is believed 
to be of little consequence since it is 
merely an indication that Difficulty 
Level 2 was not as comparable for the 
two modes as were the other levels 
(see Fig. 2). 

Average efficiency.—If one considers 
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Variability 
Variability 
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Mean error probability data for decisions made, averaged over Ss and incentives. 
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Fic. 4. Mean efficiency data for decisions made, averaged over Ss and incentives. 


the optimum decision point to be that 
which yields the highest expected 
value (EV), then it is possible to ex- 
press the efficiency of any decision in 
terms of the ratio of the obtained EV 
to the optimum EV. 

Figure 4 presents average efficiency 
scores for all significant effects. The 
most surprising aspect of these data 
is the high absolute level of efficiency 
exhibited for all conditions: Even the 
poorest condition exhibits better than 
.82 efficiency. Despite the fact that 
the difficulty effect is significant sta- 
tistically, F (3, 72) — 16.80, it is cer- 

? EV is usually defined as the sum over all 
possible outcomes (correct or incorrect, in this 
case) of algebraic payoff value X probability 
of that outcome. 

3 An adjustment is made, of course, to set 
the minimum possible EV at zero. 


tainly not of particularly great abso- 
lute magnitude, and efficiency is, in 
fact, highest for an intermediate level 
of difficulty. These findings together 
suggest that Ss are rather adept at 
approximating optimal decision points 
regardless of difficulty even though 
actual calculation of such solutions 
would be extremely unlikely in the 
present task. This is in agreement 
with the results of Edwards and 
Slovic (in press) for a sequential task 
in which two general classes of cost- 
payoff complexity relations defined 
difficulty. 

Also apparent in Fig. 4 is a consist- 
ent superiority of the variability 
mode over the slope-difference mode, 
and of riskless over risky conditions. 
Although the mode effect is non- 
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significant, F (1,24) — 2.78, lack of 
superiority for the slope-difference 
mode is in marked contrast to earlier 
findings (Howell et al., 1963), and 
probably is attributable to differences 
in training in the two studies. As 
reported by Naylor (1964), human 
ability to deal with variances in 
decision tasks appears to improve 
more markedly with extended practice 
than does their ability to deal with 
averages. Thus, the present study 
apparently provided sufficient prac- 
tice for the variability mode to over- 
come any early superiority of the 
slope-difference mode. Clearly, this 
finding argues against the conclusion 
reached by Edwards (1961), viz., 
"... it seems unlikely, for example, 
that men can estimate variances as 
pocusatels as they can means [p. 
901." 
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The superiority of riskless over 
risky decisions is significant, F (1, 24) 
= 27.16, and is best explained by 
reexamination of the probability of 
error data (Fig. 3). Apparently, S is 
more conservative (i.e., less willing to 
risk error) when there exists the possi- 
bility of losing 25 points or $.05 than 
he is when 0 is the limit of his potential 
loss. The conservative decision is 
obviously farther from optimum, in 
terms of EV, than is the more liberal 
one. Overconservatism of this sort 
is not an uncommon finding in re- 
search on human decision behavior 
(see, e.g., Edwards, 1962). 

Error scores.—Períormance relative 
to optimum can be viewed in at least 
two ways: in terms of EV scores (i.e., 
efficiency, above), and in. terms of 
stopping points. One may regard 
stopping short of the point of maxi- 


Mode 
8| Riskless o-—--o Variability 
Risky — e--—-e Variability p» 
6 Riskless o——o Slope A 
Risky — *———e Slope BA 
4 
"» 
a 
c 
= o 
a 
o 
Š -4 
Q 
S -6 
<q 


Fic. 5. 


2 3 
Difficulty Level (Ordinal Units) 
Algebraic error in stopping averaged over Ss and incentives. 
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mum EV as undersampling, and 
stopping past that point as over- 
sampling. Differences between actual 
and optimum stopping points were 
thus treated as algebraic error, and 
the results for this index are sum- 
marized in Fig. 5. Since both incen- 
tive conditions yielded nearly identical 
functions, they were combined for 
presentation here. 

It appears that undersampling is 
more prevalent than oversampling, 
especially for the risky conditions. 
This is rather peculiar in view of the 
earlier conclusion that S is conservative 
in risky situations. A partial answer 
to this paradox can be found in 
EV functions for each condition 
plotted over inputs (potential stop- 
ping points). In general, the maxi- 
mum EV point for risky decisions 
occurs later in sampling than does 
that for riskless decisions. This may 
well induce S to draw more samples 
on a risky decision, thereby making 
his response more conservative; his 
point of stopping can still, however, 
fall short of the EVmax and thus be 
classified as undersampling. As would 
be expected, this effect is most pro- 
nounced when the EVimax point is not 
clearly defined (i.e., when the function 
around EV; is relatively flat as in 
the most difficult variability-mode 
condition). 


Several conclusions are warranted by 
these results. First, human performance 
in solving sequential decision problems 
approximates the maximum expected 
value over a wide range of difficulty 
levels and other task conditions. This 
supports the findings of Edwards (1962) 
and extends them to situations in which 
multiple perceptual discriminations are 
required; conversely, it argues against 
any kind of constant-risk hypothesis 
(e.g., Becker, 1958), since for EV maxi- 
mization to occur in the face of increasing 
difficulty S must be willing to accept 
increasing chances of error. Second, the 
notion that S can deal more effectively 


with uncertainty associated with aver- 
ages than with that associated with 
variability is not substantiated. Third, 
sequential decision functions are rela- 
tively impervious to the kind of currency 
used (monetary vs. nonmonetary), but 
show greater conservatism and lower 
overall efficiency on risky decisions. 
Fourth, decision efficiency varies with 
task difficulty, but there is little evidence 
in the present data on stopping points 
for the common notion that S under- 
estimates high probabilities and over- 
estimates low ones. 
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SERIAL-POSITION EFFECT 


OF ORDERED STIMULUS 


DIMENSIONS IN PAIRED-ASSOCIATE LEARNING! 


SHELDON M. EBENHOLTZ * 
Connecticut College 


5 experiments supported the empirical generalization that the establish- 
ment of a differential response to each of a set of stimuli that are capable 
of being ordered along a sensory or conceptual dimension, is sufficient 
to produce a bowed error distribution. In 2 experiments the numerals 
1 through 8 and 1 through 10 were used as stimuli in a paired-asso- 
ciates (PA) design. In 3 additional PA experiments stimuli were 
nonsense syllables, previously learned as members of a seriallist. Re- 
sponse terms were disyllabic nouns or nonsense syllables. In all 5 
experiments a serial-position effect (SPE) was obtained when mean 


percentages of errors in PA learnin; 
stimulus number or stimulus 
Results support the proposition: 
tional cues, and (b) responding 
sufficient to produce the SPE. 


s that 
to th 


There is now a good deal of evidence 
to support the empirical generaliza- 
tion that discriminating? between 
stimuli that vary along some sensory 
dimension as from least to most or 
beginning to end, etc., is sufficient to 
produce a bow-shaped error distribu- 
tion. Murdock's (1960) study sup- 
ports this view with evidence from 
such dimensions as sound intensity, 
the areas of different-sized squares, 
the diameter of circles of varying size, 
weights, and time intervals Further 
evidence of bowed curvés under condi- 
tions of discrimination learning has 
been obtained with spatial positions 
(Ebenholtz, 1963a; Jensen, 1962), 
line lengths, and percentage of re- 
flectance of grays (Ebenholtz, 1965). 
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by Public Health Se: 
MH07114-01, from 
Mental Health, 

?The author wishes to thank Barbara 
Brachman, Linda Foster, Anne Vicary, and 
Susan Thurston for their aid in collecting 
the data. 

3 Discrimination is defined i 
context to mean the 
differential response 
stimuli to some reliab! 


was supported in part 
rvice Research Grant 
the National Institute of 


n the present 
establishment of a 
to each of a series of 
le criterion. 


132 


ig were plotted as a function of either 
position in prior serial learning (SL). 


(a) SL entails responding to posi- 
e positional properties of items is 


The present experiments were in- 
tended to determine whether the 
above generalization could be ex- 
tended to include discrimination be- 
tween stimuli varying along non- 
sensory, i.e., conceptual, dimensions 
as well. 


METHOD AND PROCEDURE 


Experiment I.—The numerals 1 through 10 
were used as stimuli in a paired-associate 
design with disyllabic nouns as response terms. 
The latter (viz., ARROW, CURTAIN, DECOY, 
ENGINE, GIANT, HELMET, JACKET, LESSON, 
PILLOW, ZEBRA) were chosen from the 
Thorndike-Lorge (1944) word count and had 
frequencies of Occurrence which ranged from 
2 to over 50 per million words. Ten different 
lists of 10 number-noun Pairs were used to 
counterbalance response terms equally over 
the 10 stimuli. Each of 20 Ss learned 1 of the 
10 lists to a criterion of one perfect recitation. 
Learning and test trials alternated and items 
were presented at a 3-sec. rate with a 24-sec. 
intertrial interval. The order of presentation 
on successive learning and test trials was 
never the same; five different learning and 
test sequences were used on the first five trials 
and then repeated. 

Experiment II.—The numbers 1 through 8 
were used as stimuli (Group NS) to nonsense- 
syllable responses. Group NR learned the 
reverse pairs. Syllables were taken from the 
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Glaze (1928) list of 87-100% association 
value and were chosen for minimal similarity. 
Syllables were counterbalanced over numbers 
such that for a block of eight Ss each number 
was paired with each syllable once. Eighteen 
Ss in each group learned by the method of 
anticipation at a 3:3-sec. rate. The intertrial 
interval was 6 sec. The order of presentation 
was varied on eight successive trials and then 
repeated. Learning was to a criterion of one 
perfect trial. 

Experiment III.—The procedure and 
design were identical with those of Exp. I with 
the exception that instead of the numbers 1 
through 10, stimuli were nonsense syllables 
which Ss first learned as members of a serial 
list. Previous studies (e.g., Ebenholtz, 
1963a, 1963b; Young, 1962) have shown 
serial learning (SL) to entail learning the 
temporal positions of the items comprising 
the series. Thus one result of SL is that 
items may be presumed to represent the 
attribute of temporal position and therefore 
to constitute a sample of a dimension in which 
the items may be ordered from beginning to 
end. Discriminating between items learned 
previously as members of a serial list, should, 
therefore, produce a bowed error distribution 
in which stimuli from central portions of the 
serial list produce more errors than stimuli 
taken from extreme serial positions. 

Ten syllables of minimal similarity were 
chosen from the Glaze (1928) list of 80-100% 
association value. A 10-item Latin square 
was used to compose 10 serial lists such that 
each item appeared at each position once and 
preceded and followed every other item once. 
The first 10 Ss each learned a different serial 
order, with Ss 11 and 12 repeating the serial 
order of the first 2 Ss. Since each syllable 
occurred at least once at each serial position 
and all 12 Ss learned the same set of 10 
syllable-noun pairings, stimulus positions 
were counterbalanced over response terms. 
The criterion of PA learning, response terms, 
presentation rate, and intertrial interval were 
the same as in Exp. I. 

Experiment IV.—Two groups of 10 Ss 
each learned 10 syllable-noun pairs after 
either free recall (FR) or SL of the stimulus 
syllables. Group SL was treated identically 
with Ss in Exp. III. Group FR differed only 
in that instead of serial learning prior to PA, 
Ss were instructed to free recall the syllables 
in any order until all 10 items could be re- 
called on a single trial. The Ss were pre- 
sented with the syllables at a 3-sec. rate and 
asked to pronounce each term as it appeared. 
"The presentation sequence was varied on each 
of 10 trials and then repeated. After pro- 
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Fic. 1. Mean percentage of errors in PA 
learning as a function of stimulus (response) 
number. 


nouncing all 10 items S was allotted 30 sec. 
to recall as many as possible. Each S in 
group FR started the FR training with a 
different stimulus sequence in order to 
counterbalance items over presentation order. 
Both groups were treated identically in PA 
learning and conditions were the same as 
those of Exp. III. 

Experiment V.—The conditions and pro- 
cedures of Exp. III were replicated with the 
exception that the nonsense syllables were 
chosen from the Glaze (1928) lists of 27-33% 
association values. Ten Ss took part in this 
experiment. 

None of the Ss had taken part previously 
in studies of verbal learning and all were un- 
familiar with the purposes of the experiments. 


RESULTS 


Numbers as stimuli and responses.— 
Figure 1 represents the mean percent- 
age of errors as a function of stimulus 
position. Adjacent positions have 
been combined and averaged in order 
to reduce the inordinate influence of 
zero scores. The bowed curves are 
apparent in both experiments even 
though the averaging of errors at 
adjacent positions tended to flatten 
the curves. 

In Exp. 1 the mean percentage of 
errors at Positions 1, 2, 9, and 10 

4 All serial-position curves were based upon 


percentages obtained for each S separately 
and then averaged over stimulus positions. 
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9-10 


(7.9%) was compared with the mean 
percentage of errors at Positions 
4, 5, 6, and 7 (10.7%). The difference 
was significant, p < 005, by the 
Wilcoxon (1949) test for Paired repli- 
cates. A similar comparison between 
the mean Percentage of errors at 
Positions 1, 2, 7, and 8 (10.9%) and 
Positions 3, 4, 5, and 6 (14.1%) in 
Exp. II, Group NS, also yielded 
significance, p < .05, by the Wilcoxon 
test. 

When numbers are used as responses 
in PA learning, the pairs containing 
lower numbers tend to be learned with 
fewer errors than those containing 
higher numbers. Group NR repre- 
sents this trend in Fig. 1. The mean 
Pefeen tege of errors at Positions 12 

; ani was 10.2% in comparison 
with 14.8% for Positions 5, 6, gin 8. 
The difference of 4.6% 
P < .01, by the Wi 


EBENHOLTZ 


located at central serial positions, 
Comparison of the mean percentage of 
errors at combined Positions 1, 2, 9, 
and 10 with the mean percentage at 
Positions 4, 5, 6, and 7 showed, in each 
case, a higher average at central posi- 
tions, the mean difference being 2.0, 
4.5, and 2.1 for Exp. III, IV, and V, 
respectively. This finding in three 
independent experiments suggests that 
it is not a chance outcome; however, 
in no case was there a statistically 
significant difference. This is prob- 
ably due to the relatively small sample 
size and extremely rapid rate of learn- 
ing, ie, in Exp. III, IV, and V, 
respectively, mean trials to learn the 
10 pairs were 4.5, 3.4, and 3.8. If one 
considers the three experiments as a 
whole and compares the mean per- 
centage of errors at the extreme posi- 
tions (i.e., 1 and 10) with the average 
percentage at Positions 2 through 9, 
then of the 32 Ss 9 averaged less 
errors at central positions, 2 yielded 
equal percentages and 21 averaged 
fewer errors at terminal positions. A 
total of 11 Ss may, therefore, be con- 
Sidered as negative instances of the 
present hypothesis. The binominal 
test (Siegel, 1956), however, shows 
this distribution of 11 and 21 to depart 
significantly from chance on the as- 
sumption of an equal split, s = —1.59, 
b= 05. 

The effect of differential stimulus 
recall.—lt is possible that the serial- 
Position effect (SPE) as represented 
in Fig. 2 is due not to serial position 
as such but rather to the fact that 
the members of a serial list vary in 
terms of the frequency of correct 
recalls. From this point of view, 
items from central serial positions may 
be assumed to be less familiar than 
items at extreme positions. The SPE 
in PA learning may thus be under- 
Stood as an effect of differential stim- 
ulus familiarity. The data of Exp. IV 
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permit an evaluation of the effects of 
differential stimulus recall on sub- 
sequent PA learning. 

The mean percentages of correct 
recalls for each of the 10 items on the 
free-recall task (Group FR) were rank 
ordered and correlated with the rank 
of the mean percentages of correct 
responses to the same 10 items in the 
subsequent PA task. The degree of 
correlation was not significant, p (10) 
= —.006, p > .05. In contrast, the 
data of Group SL revealed a signifi- 
cant correlation between the mean 
percentages of correct anticipations 
associated with each position in SL 
and the mean percentages of correct 
responses to pairs whose stimuli 
derived from these same positions, 
p (10) = .746,p < .01. This analysis 
permits the conclusion that it is the 
posilion of a stimulus term on a 
previously learned serial list, rather 
than the degree of stimulus recall, 
that will determine the distribution of 
errors associated with the same term 
in PA learning. 

Transfer from SL to PA.—Experi- 
ments III, IV, and V also bear on some 
of the issues relating to the transfer of 
sequential associations from SL to 
PA. Both Young (1962) and Jensen 
(1963) have shown bowed curves in 
PA learning as a result of transfer 
from SL, where the relation between 
the tasks was such that the PA list 
was composed of pairs of successive 
items from the previously learned 
serial list. Both authors have inter- 
preted the SPE in terms of the transfer 
of relatively strong associations for 
pairs containing members derived 
from extreme serial positions, and 
the transfer of weak associations for 
pairs composed of items from central 
serial positions. The design of Exp. 
III, IV, and V precludes the possi- 


- bility of positive associative transfer 


and, since all pairs were composed of 


4 
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new response terms, actually requires 
negative transfer in the form of a 
U-shaped error distribution. Thus, 
if the serial list is represented by the 
sequence: A-B-C-D-E-F-G-H-I-], 
then the assumption of sequential 
associations in SL requires the PA 
task to be represented by: A-Ki, 
B-Ko, C-K;, D-K,, E-K;, F-Ke, G-K7, 
H-Ks, I-Ks, J-Kio. It follows that 
pairs containing stimuli from extreme 
serial positions (excluding Position 
10) should be learned with maximum 
difficulty as these stimuli must pro- 
duce the greatest associative interfer- 
ence, e.g., A-B should interfere more 
with A-K, than F-G can interfere 
with F-Ks as the former (A-B) has 
been anticipated correctly in SL more 
frequently than the latter (F-G). 
This conclusion from the assumption 
of sequential associations in SL has 
not been confirmed and in fact the 
transfer data of Exp. III, IV, and V, 
represented in Fig. 2, show the exact 
opposite effect. This remains true 
even if the data of the pairs containing 
SL Item 10 are eliminated from the 
computation. 

A further test of the same hypoth- 
esis can be made by comparing the 
rate of PA learning of Group FR 
with Group SL of Exp. IV. It can be 
assumed that in comparison to SL 
the FR of nonsense syllables produces 
relatively weak and unstable inter- 
item associations (Asch & Ebenholtz, 
1962). It follows from the present 
paradigm that transfer from FR. to 
PA should produce faster learning 
than transfer from SL to PA as the 
latter should lead to more associative 
interference than the former. The 
mean number of trials to criterion on 
the initial lists of Exp. IV was 8.0 and 
4.9 in SL and FR, respectively, ¢ (18) 
= 3.969, p < .01. The mean number 
of correct recalls per item averaged 
over trials was 5.1 in SL and 3.9 in 
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FR, the difference being nonsignifi- 
cant, £(18) = 1.845, p> .05 (two 
tails). Mean trials to criterion on the 
PA task was 3.4 for Group SL and 
4.0for Group FR. The difference was 
in a direction opposite to that pre- 
dicted under the assumption of the 
transfer of sequential associations and 
was not significant, /(18) — 1.156, 
p > 05. This outcome is consistent 
with the failure of a positive transfer 
paradigm to support the same hypoth- 
esis (e.g., Young & Casey, 1964). 


Discussion 


All five experiments yielded an SPE. 
The data, therefore, support the gen- 
eralization that the establishment of 
differential responses to each of a set of 
stimuli that are capable of being ordered 
along a sensory or conceptual dimension, 
is sufficient to produce a bowed error 
distribution. This outcome is consistent 
with the suggestion (Ebenholtz, 1963a, 
1963b, 1965) that the occurrence of the 
SPE reflects the use of positional cues, 
a process which probably represents a 
fundamental mode of responding to the 
ordinal characteristics of stimuli, 

The SPE resulting from the use of 
numbers as stimuli may help to account 
for some portion of the conflicting evi- 
dence regarding positional cues in SL. 
Jensen and Blank (1962) failed to 
support the position-learning hypothesis 
when Ss learned a nine-item serial list 
in which each item was labeled with a 
numeral indicative of the serial position 
of that item. In comparison with control 
Ss not given such positional cues, neither 
rate of learning nor shape of the SPE 
differed significantly. The present re- 
sults indicate that responding to number 
stimuli is sufficient to produce an SPE 
even though the numerals are presented 
in random order. It follows that such 
stimuli cannot be expected to eliminate 
the SPE when they are presented in 
constant temporal order. More gen- 
erally, the present data and those of 
Jensen and Blank suggest that the cue 
of serial position is not readily manip- 
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' ulatable, for, by definition, serial position 


is a relational characteristic of items 
within a series. Consequently, attempts 
to control the distinctiveness of posi- 
tional cues will probably require the 
manipulation of relationships between 
the items and the terminal points of the 
series (e.g., Asch, Hay, & Diamond, 
1960; Wishner, Shipley, & Hurvich, 
1957). 

Experiments I and II clearly support 
the present hypothesis, although other 
possible explanations remain to be ex- 
amined. Recently, Battig and Spera 
(1962) determined the association value 
of numbers from 0 to 100. Their results 
indicate a general decrease in association 
value from 1 through 8 with an increase 
at 9 and 10. Their data, therefore, are 
consistent with an SPE for a 10-number 
experiment (e.g, Exp. I) but fail to 
account for a bowed curve brought about 
by a decrease in errors at Positions 7 and 
8 as in Exp. II (Group NS). Thus the 
present data do not support the alter- 
native that the SPE is an artifact of the 
association value of numbers. 

When the numbers 1 through 8 were 
used as responses in Exp. II, Group NR, 
the higher numbers showed a significant 
tendency to produce greater errors than 
the low numbers, and an SPE was not 
obtained. This suggests that the SPE 
may be a function of stimulus rather 
than response order. However, this possi- 
bility is contradicted by the work of 
DeSoto & Bosley (1962). These au 
obtained an SPE in a PA study in v 
male first names were stimuli and the 
response to each name was one of four 
chosen from the categories of college 
matriculation, i.e., freshman, sophomore, 
junior, and senior. Fewest errors were 
made when the correct response was 
freshman or senior, thereby producing an 
SPE with maximum errors at sophomore. 
The failure to obtain the SPE with 
numbers as responses may, therefore, 
reflect the special conditions of Exp. Il 
e.g the use of unfamiliar nonsense 
syllables as stimuli. 

An additional implication of the r 
sults of Exp. I and II is a methodologic: 
one concerning the use of single deg 
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numbers in  paired-associate studies. 
Unless these numbers are properly 
counterbalanced or avoided entirely, 
they may produce systematic artifacts. 
This may be the case in studies of 
discrimination learning and scaling as 
well. 4 
The results of Exp. III, IV, and V have 
particular significance for the evaluation 
of the propositions (a) that SL entails 
responding to positional cues, i.e., SL 
represents one operation by which items, 
previously neutral with regard to order, 
come to possess ordinal and positional 
characteristics; (b) that responding to 
the positional properties of items is 
sufficient to produce the SPE. That 
stimuli previously learned in serial order 
produce the SPE in subsequent PA 
learning was the outcome in three in- 
dependent experiments. This result 
lends confirmation directly to Proposi- 
tion b and indirectly to Proposition a. 
This same result casts doubt on the 
interpretation that the SPE in PA 
learning (Jensen, 1963; Young, 1962), 
where the latter is made up of adjacent 
pairs of items from SL, reflects the posi- 
tive transfer from SL to PA of sequential 
associations of differential strength. Ac- 
cording to the present results the SPE 
obtained in such transfer studies can be 
interpreted as representing the effects 
of positional cues due to prior SL of the 
stimulus items. It is most likely, how- 
ever, that both processes are operative, 
although unequivocal evidence support- 
ing the assumption of sequential associa- 
tions is relatively rare (e.g, Battig, 
Brown, & Schild, 1964). It may be 
noted further that the failure to obtain 
a U-shaped error distribution in Exp. 
III, IV, and V suggests the conclusion 
that either positional cues are more 
potent than sequential associations, or 
that associative interference is a poor 
or unreliable indicator of associative 
processes. 
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RESPONSE TRANSFER AS A FUNCTION OF VERBAL 


ASSOCIATION STRENGTH 


LYNN K. BROWN, JAMES J. JENKINS, anp JOYCE LAVIK! 


University of Minnesota 


9 word nonsense-syllable pairs were well learned by 20 college students. 
For each original stimulus, there were 3 test stimuli representing 3 
degrees of free-association response strength to that stimulus. Test 
stimuli and control words were interspersed among the original pairs 
after learning had been achieved. Ss guessed a response to “new” 
stimuli, using one of the 9 nonsense syllables. A transfer response was 
scored when S gave the response paired with the original stimulus to 
which the test stimulus was related. Significant differences in amount 
of transfer were found between high- and low-strength words, and 
between all 3 degrees of associative strength and control words. Fur- 
ther, a graph of the log frequency of associative strength against the 
number of transfer responses made to each class of test stimuli revealed 


the expected trend. 


Degree of relatedness between words 
has frequently been assessed by 
measures derived from free-associa- 
tion data. A common assumption is 
that normative frequencies of re- 
sponses to a given stimulus word 
reflect a hierarchy of habit strengths 
presumed to be present in individuals 
drawn from the normative population. 

Attempts to test this assumption by 
finding functional relationships be- 
tween free-association strength meas- 
ures and other measures of behavior 
observed in an experimental setting 
have met with mixed success. On the 
one hand, measures of recall perform- 
ance have been shown to be systema- 
tically related to a variety of free- 
association indexes (e.g., Bousfield, 
Whitmarsh, & Berkowitz, 1960; 
Deese, 1959; Jenkins, Mink, & Rus- 
sell, 1958; Marshall & Cofer, 1963). 
On the other hand, it has been difficult 
to relate degree of associative strength 
to ease of learning particular pairs or 

1 This research wa: 
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to degree of transfer across stimuli or 
responses when these terms are asso- 
ciatively linked. Jenkins (in press) 
was unable to show differences in the 
learning of paired-associate items when 
the normative associative strength be- 
tween stimuli and responses varied 
from 70% to .2%, even in a list of 35 
pairs. Haun (1960) found that pairs 
made up of stimuli and their high- 
strength responses were not learned 
more easily than pairs made up of 
stimuli and low-strength responses 
even though he speeded the learning 
task and reduced the illumination. 

Underwood and Schulz (1960) ob- 
tained the expected relation by using 
as normative material hierarchies of 
restricted associations where the re- 
sponses were required to be from a 
given domain (sense impressions). 
Castaneda, Fahel, and Odom (1961), 
McCullers (1961), and Wicklund, 
Palermo, and Jenkins (1964) showed 
that a functional relation between as- 
sociative strength and ease of learn- 
ing may be found when children are 
used as Ss. 

It seems reasonable to suppose that 
restricted association taps weaker 
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hierarchies of associative strength 
than free association and, similarly, 
that the hierarchies of verbal associa- 
tion in children are less strong than 
those of highly verbal college students. 
One reason for the failure to find learn- 
ing differences in college students thus 
seems to be that virtually all entries 
in the free-association hierarchy have 
an absolute strength of sufficient 
magnitude to produce almost immedi- 
ate successful performance in the 
typical paired-associate learning task 
when the stimulus and response from 
the association norms are directly 
paired. 

The above findings suggest that a 
more productive situation in which to 
look for the functional relationships 
might be that of transfer where the 
related terms are not directly paired 
but play the same role in successive 
learning lists. Carlin (1958), how- 
ever, was unable to show a functional 
relation in such a study. She found 
that degree of association between 
stimuli in successive paired-associate 
lists (with responses held constant) 
or responses in successive lists (with 
stimuli held constant) had no differ- 
ential effect on second-list learning 
over a range of associative values from 
11 to 73%. Transfer across high-, 
medium-, and low-strength associates 
consistently gave evidence of facilita- 
tion, but the degree of facilitation was 
not differentiated by degree of as- 
sociation. 

The object of the present experi- 
ment was to reexamine response 
transfer as a function of normative 
free-association strength between 
stimuli. The technique employed, 
however, was different from the tradi- 
tional approach employed by Carlin. 
It consisted of interspersing test-item 
stimuli during the performance of a 
well-learned paired-associate task to 
afford an opportunity for response 
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transfer to occur without specific 
learning trials for the transfer pairs. 
The technique had been earlier tested 
by Brown and Jenkins (1964) in a 
replication of Ryan’s (1960) study of 
response transfer and appeared to be 
sufficiently sensitive to reveal varia- 
tions in transfer attributable to stim- 
ulus relationships. 


METHOD 


Subjects —Ten male and 10 female students 
from an introductory psychology class at the 
University of Minnesota served as Ss. 
Students were given two examination points 
for participation. 

Materials and apparatus.—Nine stimulus 
words were chosen from the basic stimuli 
found in the Russell-Jenkins (1954) free- 
association norms. For each stimulus used 
in original learning, there was a test stimulus 
which had a high associative frequency (mean 
60.3%, range 51-66%) to the original stim- 
ulus, a test stimulus which had an inter- 
mediate associative frequency (mean 5.75%, 
range 4-790) to the original stimulus, a test 
stimulus which has a low associative frequency 
(mean .51%, range .4-.8%) to the original 
stimulus, and a control stimulus which did 
not occur as a free-association response to the 
original stimulus. All stimulus words had a 
high frequency of occurrence as listed in the 
Thorndike-Lorge (1944) frequencies. Of the 
288 relations between original stimuli and 
irrelevant test stimuli, only 13 were found in 
the free-association norms. Eight such rela- 
tions had a frequency of occurrence of one, 
three had a frequency of two, and two had a 
frequency of three in the norm population 
of 1008 responses. 

‘The responses were nine nonsense-syllable 
trigrams with Archer (1960) ratings of 75-80. 
Each response was paired with an original 
stimulus by the rule that no vowel nor initial 
consonant be alike in corresponding S-R pairs. 

The training portion of the experiment 
consisted of 10 presentations of the basic list 
pairs in random orders. Trial 1 consisted of 
the nine stimuli, each followed by its appro- 
priate response. Trials 2-10 consisted of nine 
stimuli and seven of the responses. Two 
different responses were removed each trial, 
so that in the nine training trials each response 
was removed twice. This was done to 
accustom Ss to the missing responses to be 
used with the test stimuli. The test trials, 
11-19, consisted of the presentation of five 
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old stimuli with their responses, and one 
stimulus from each class of test stimuli 
without responses. These test stimuli re- 
placed the old stimulus words to which they 
were related in whatever position these words 
were found in the randomized trials. 

The apparatus was a Lafayette memory 
drum. The Ss were presented the learning 
and test lists at a 2:2-sec. rate. After the 
first presentation of the training list, there 
was no indication of the beginning of a trial, 
so that items appeared continuously through- 
out the experiment. The training trials were 
presented on the left-hand set of double 
windows on the memory drum. If an S had 
not completed two perfect trials by the com- 
pletion of Trial 10, the list was recycled until 
he reached that criterion. The left-hand 
windows were then closed, the right-hand 
windows opened, and Ss proceeded with the 
list containing test stimuli. 

A card containing the nine responses was 
fastened below the memory drum windows. 

Procedure.—The Ss were asked to spell 
through the responses 10 times prior to the 
learning task for response familiarization. 

In the first presentation of the training 
list, Ss were asked to look at the stimuli and 
spell the nonsense-syllable responses as they 
appeared. They were instructed that after 
the first presentation of the list, they were to 
try to anticipate the response that was paired 
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with each stimulus, before that syllable 
aj 5 
The Ss were informed that sometimes 
information concerning a correct response 
would not be given. They were also told that 
sometimes a new stimulus would appear and 
that they were to guess what the correct 
response might be, using one of the nine 
responses they had already learned. It was 
stressed that Ss must make a response to 
every stimulus. 


RESULTS AND DISCUSSION 


A response to a test stimulus was 
counted as a transfer response when 
S gave the response paired with the 
original stimulus to which the test 
stimulus was related. Figure 1 shows 
the total number of transfer responses 
for each type of test stimulus as a 
function of the logarithm of the aver- 
age associative frequency. (In the 
absence of a zero point, controls are 
arbitrarily plotted on the abscissa as 
having an associative frequency of .5.) 

The means and standard deviations 
for transfer responses per S for the four 
groups of test stimuli were: High, 
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FiG. 1. Transfer responses as a function of the log frequency of iiaii strength. 
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M = 3.25, SD = 1.87; Intermediate, 
M = 245, SD =1.77; Low, M = 1.95, 
SD = 1.16; and Control, M = .85, 
SD = .79. An Ss X Conditions anal- 
ysis of variance showed significant 
effects of test-item class, F (3,57) 
= 11.29, p < .01. A linear trend test 
showed a significant trend across the 
four classes of items in the expected 
direction, F (1, 57) = 33.12, p < .01. 

High-strength associates elicited 
significantly more response transfer 
than low-strength associates, t (19) 
= 3.07, p < .01, and controls, £ (19) 
= 5.67, p < .01, but were not signifi- 
cantly different from the moderate- 
strength associates, £ (19) = 1.89, 
p > 05. Moderate-strength associ- 
ates were not significantly different 
from low-strength associates, ¢ (19) 
= 1.18, p > .05, but elicited signifi- 
cantly more transfer than controls, 
t (19) = 3.78, p < .01. Low-strength 
associates elicited significantly more 
transfer than controls, ¢ (19) = 2.60, 
p < .05. 

Out of a total of 720 transfer op- 
portunities, 59 responses to test items 
were omitted by Ss? An analysis 
of variance revealed a nonsignifi- 
cant distribution of missing responses 
across the four degrees of associative 
strength, F (3, 57) = 2.67, p > .05. 

These data indicate that degree of 
response transfer is functionally re- 
lated to the strength of association 
between stimuli as given in free- 
association test norms. Since the 


?]t should be noted that in the original 
study using the interspersed test-item method 
(Brown and Jenkins, 1964), three “filler” 
stimuli were interspersed among the original 
Pairs in a trial directly preceding the test 
trials. This served to eliminate missing re- 
sponses which were obtained to the first few 
test items, and allowed time to remind Ss 
who were reluctant to guess that a response 
must be made to every stimulus. This pro- 
cedure was not followed in the present study, 
‘and probably accounts for the rather large 
number of missing responses. 


pairs for the study were selected in 
terms of the extent to which the 
original stimulus elicited the test 
stimulus, it may be argued that this is 
a sufficient condition for the choice of 
such related stimuli. However, if 
one is concerned with the locus of the 
associative mediation involved, it may 
be argued that transfer should be 
most influenced by the strength of 
the elicitation of the original stimulus 
by the test stimulus. Such an argu- 
ment cannot be settled by recourse to 
the data of this experiment since the 
words selected tended to be relatively 
symmetrical in association. 
Reverse-associative strengths were 
obtained by collecting association 
norms from 175 introductory psy- 
chology students at Minnesota for the 
36 test stimuli. Product-moment cor- 
relations were computed between the 
logarithms of associative frequencies 
of forward and reverse associations 
and between each of these and the 
amount of response transfer. In these 
materials forward and reverse associa- 
tions correlated +.26. The logarithm 
of forward-associative strength cor- 
related +.43 with the amount of 


» response transfer, while the logarithm 


of the reverse strength correlated 
+.62 with the amount of response 
transfer. The difference between 
these correlations is insignificant. 
The logarithm of the mean of the 
associative strength in both directions 
correlated +.60 with the amount of 
response transfer. The problem of 
the locus of the transfer is, therefore, 
still left open and the problem of the 
response variance which is still un- 
accounted for, is pointed up. 
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UNLEARNING IN SERIAL LEARNING ! 


GEOFFREY KEPPEL 
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3 experiments are reported in which the unlearning of serial lists was 
studied. The main findings are that unlearning of 1st-list responses 
can occur in serial learning, that degree of unlearning is a direct function 
of the number of interpolated trials, and that 1st-list serial associations 


are also affected by 2nd-list interpolation. 


These results are inter- 


preted in terms of the chaining and serial-position hypotheses of serial 
learning and the transfer relationships formed between successive serial 


lists given these hypotheses. 


The notion of unlearning has be- 
come a central concept for an interfer- 
ence theory of verbal learning and 
retention. The original speculation 
by Melton and Irwin (1940) was 
based upon a discrepancy between 
the functions relating the amount of 
retroactive inhibition (RI) and the 
Írequency of interlist intrusions at 
recall to the number of interpolated 
learning (IL) trials. Since the incid- 
ence of interlist intrusions was as- 
sumed to reflect response competition, 
an additional interference factor was 
suggested to account for the remaining 
portion of the observed RI.  Al- 
though Thune and Underwood (1943) 
argued that interlist intrusions may 
reflect other processes as well as 
response competition (e.g., response 
differentiation), the later work of 
Barnes and Underwood (1959) pro- 
vided convincing evidence for a de- 
crease in response availability with an 
increase of IL under conditions where 
competition factors are minimized, 
ie., unpaced recall of both lists. In 
fact, McGovern (1964) has shown 
that various types of first-list associa- 
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tions (forward, backward, and con- 
textual) are unlearned whenever an 
A-B, A-C transfer paradigm exists 
between lists. It should be noted, 
however, that these lines of evidence 
have been based upon paired-asso- 
ciate experiments. 

Postman and Riley (1959), in an 
extensive study of RI and proactive 
inhibition (PI) in serial learning, 
varied both degree of first- and second- 
list learning. In spite of an essential 
replication of the Melton-Irwin (1940) 
findings, Postman and Riley found it 
unnecessary to postulate an unlearn- 
ing factor, but instead, offered various 
competition factors, generalized and 
specific, to account for their findings. 
]t would appear, then, that the 
factors which are assumed to underlie 
the occurrence of RI in paired- 
associate and serial experiments are 
different, competition and unlearning 
being operative in the former, com- 
petition alone in the latter. 

Two experiments conducted in the 
author's experimental psychology 
classes at Northwestern University 
seemed to indicate that unlearning 
could occur in seriallearning. In both 
experiments a similar design was em- 
ployed, the first serial list was learned 
to a criterion of one perfect recitation, 
while a second unrelated serial list was 
presented for 1, 5, or 20 anticipation 
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trials. At the end of List-2 learning, 
Ss attempted to recall responses from 
both lists in a serial version of the 
modified free recall test (MMFR) 
devised for paired associates by 
Barnes and Underwood (1959). For 
the present experiment, Ss were given 
a sheet of paper on which two 
numbered columns of spaces were 
listed and asked to write down both 
first- and second-list responses in the 
appropriate columns, indicating cor- 
rect serial placement when possible. 
Guessing was encouraged and space 
was provided for the placement of 
responses for which S was unwilling to 
guess serial location. In one experi- 
ment the serial lists consisted of 11 
low-frequency adjectives and in the 
other of 12 high-frequency (A and AA) 
nouns. The written recall was scored 
for total response availability, count- 
ing all words recalled regardless of 
position and list designation. The 
mean total recall of List-1 responses 
was 10.21, 6.71, and 5.86 for the 
adjectives and 11.50, 10.59, and 7.68 
for the nouns, following 1, 5, and 20 
List-2 trials, respectively. The differ- 
ences among the experimental groups 
were significant in both experiments, 
F (2,39) = 9,60 and F (2,63) = 13.46, 
P <.01. In the second experiment, 
a control group was given an unrelated 
task for a time equivalent to that 
required for 20 IL trials. A compari- 
son of the control (X — 11.41) with 
the experimental group receiving 20 IL 
trials (X — 7.68) indicates that sig- 
nificant RI was produced (F — 19.33). 
Thus, it is clear that the finding of 
Barnes and Underwood (1959) for 
paired associates—a progressive de- 
crease in List-1 recall with increases in 
the number of IL trials—has been 
replicated for serial lists. 

The present experiment is con- 
cerned with a specification of what is 
unlearned in serial learning. In an 
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important analysis of unlearning of 
first-list associations in paired-associ- 
ate experiments, McGovern (1964) 
reported evidence for the unlearning 
of three types of associations in vari- 
ous transfer paradigms. Specifically, 
she argued that first-list forward, 
backward, and contextual associations 
would be unlearned whenever an A-B, 
A-C relationship was formed between 
lists for these associations. The con- 
textual association refers to an asso- 
ciation between the responses in the 
paired-associate list and the exper- 
imental context and is thought to 
be involved in the recall of the 
responses in the absence of specific 
forward or backward associations. A 
similar analysis may be applied to 
serial learning. However, the speci- 
fication of the associations involved 
depends upon what aspect of the serial 
task is taken as the stimulus. For 
example, Young (1962) has suggested 
that the stimulus may be a chain 
involving the immediately preceding 
item in the serial list, or a compound 
chain, or the specific serial position. 
Consideration will be given here only 
to the simple chaining and serial- 
position hypotheses. 

If the words in two serial lists are 
unrelated, the words may be sym- 
bolized as A-B-C-D in List 1 and 
W-X-Y-Z in List 2. If the two lists 
are learned by chaining, the associa- 
tions involved, e.g., A-B, B-C, C-D 
for List 1 and W-X, X-Y, Y-Z for 
List 2, form an A-B, C-D transfer 
paradigm. Since McGovern (1964) 
has found unlearning of the response 
term with this paradigm, the RI of 
the preceding experiments may be 
explained by the chaining hypothesis 
in terms of the A-B, A-C relationship 
between the two sets of responses and 
the experimental context. On the 
other hand, if serial position is the 
functional stimulus, the associations 
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involved, using numbers to signify 
serial position, are 1-A, 2-B, etc., for 
List 1 and 1-W, 2-X, etc., for List 2, 
forming an A-B, A-C relationship 
between the two lists. With this 
paradigm, McGovern has shown un- 
learning of both the first-list con- 
textual and forward associations as a 
consequence of second-list learning. 
Thus, both hypotheses can account 
for the nonavailability of List-1 re- 
sponses observed in the preceding 
experiments. 

McGovern was able to obtain 
evidence for the unlearning of the 
forward and contextual associations in 
the A-B, A-C paradigm by employing 
two retention measures with inde- 
pendent groups, modified free recall 
(MFR) and associative matching. In 
the MFR test, Ss recalled responses 
from the first list and in the matching 
test Ss were supplied with the first- 
list stimuli and responses and were re- 
quired to pair them correctly. A scor- 
ing of responses recalled on the MFR 
test, disregarding correctness of pair- 
ing, was taken as an index of response 
availability and a comparison of the 
experimental groups with the Rl 
control provided an estimate of the 
unlearning of the response term (con- 
textual association). The associative- 
matching task, on the other hand, was 
taken as an index of associative 
learning independent of response 
availability and a comparison with the 
RI control gave an estimate of the un- 
learning of the forward and/or back- 
ward associations. Since significant 
RI was produced with both measures 
for the A-B, A-C paradigm, it was 
concluded that both associations had 
been unlearned. 

A similar rationale lies behind the 
present experiment. Suppose a first- 

list associative-matching or reordering 
(RO) task were given following sec- 
ond-list learning. Since the chaining 
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hypothesis predicts only a loss of 
first-list response availability, the RO 
task should reflect no loss of the serial 
chain, the item-to-item associations in 
the two serial lists presumably re- 
maining intact. However, the serial- 
position hypothesis predicts a loss of 
availability and of serial-position as- 
sociations. As a consequence, the 
position hypothesis should lead to the 
expectation of RI in the RO task. In 
short, both hypotheses can explain 
unlearning of List-1 responses, but 
only the position hypothesis can 
predict, in addition, a disruption of 
the first-list serial order. In addition 
to the type of retention test (RO and 
MFR), the meaningfulness of the 
first-list serial list was varied in the 
present experiment. This variable 
was introduced to test the hypothesis 
that choice of a stimulus in serial 
learning is a function of the meaning- 
fulness of the verbal materials. For 
example, Underwood (1963) has sug- 
gested that S may tend to use serial 
position as a stimulus with materials 
of high meaningfulness and the pre- 
ceding item with materials of low 
meaningfulness. If this hypothesis is 
correct, there should be greater RI on 
the RO test for high than for low 


meaningful items. 


METHOD 


Design and procedure —Three variables 
were manipulated in this experiment, type 
of interpolation (experimental vs. control), 
meaningfulness (high vs. low frequency), and 
type of retention test (MFR vs. RO). List 1 
was taken to a criterion of 9/12 correct re- 
sponses, while List 2 was presented for 20 
anticipation trials. The C groups were given 
the pyramid puzzle as an interpolated task. 
Both lists were presented with a memory 
drum at a 2-sec. rate with a 4-sec. intertrial 
interval. An asterisk was used as the antici- 
patory cue. Following the completion of the 
interpolated activity, Ss were either asked to 
recall List 1 on an MFR test or to reconstruct 
the serial order of List 1 on an RO test. In 
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TABLE 1 


Mean List-1 RECALL ON MFR SCORED 
SrRINGENTLY (S) AND LENIENTLY (L) 


High Frequency 


Control Exp. 
744 | 4.62 
10.76 742 


both cases the List-2 responses, in correct 
serial order, were supplied to the experimental 
Ss. The RO test was also administered 
following the completion of the MFR test. 
A comparison of the two RO tests allows a 
determination of whether the RO test is 
affected by a preceding MFR test. All Ss 
were given 3 min. to work on either of the 
two tests; Ss were required to work on the 
MFR test for the full 3-min. interval, while 
Ss completing the RO task in less than 3 min. 
were allowed to terminate the test. 

Malerials.—Each list consisted of 12 
nouns selected from sets of nouns varying in 
frequency and for which local free-association 
norms are available. Two sets of words were 
selected for List 1, a low set having a Thorn- 
dike-Lorge (1944) "L" count range of 1-3 
per 4.5 million and a high set consisting of 
frequencies in excess of 1000 per 4.5 million. 
Words selected for the low list were BRAMBLE, 
CURFEW, DECOY, FARTHING, GULLET, LORRY, 
MONSOON, OBOE, PESTLE, RAMROD, STANZA, 
and wicket. For the high list the words were 
ANSWER, BUILDING, COLOR, DOCTOR, GARDEN, 
HUSBAND, LETTER, MOMENT, ORDER, SHOULDER, 
TABLE, and WoMAN. List 2 was chosen from 
a medium range of frequency (15 to 31 per 
4.5 million). These words were BASIN, CAR- 
BON, DISCORD, GROCER, HERMIT, LOTION, 
MAGNATE, OATMEAL, PREVIEW, RELIC, TRAI- 
TOR, and WAFER, Interitem associative 
strength was minimal both within each list 
and between Lists 1 and 2 (frequency less than 
2 per 1000 on the California norms). Four 
random arrangements of each list were con- 
structed with the restrictions that no word 
occupied the same serial position more than 
once, that no contiguous Pairing of two words 
occurred more than once, and that an 
alphabetical ordering did not exceed sequences 
of two. 

The MFR test was similar to the one 
described earlier, with the exception that the 
second list was provided in the Correct order 
for the experimental Ss. For the RO test, Ss 
were given a completely shuffled deck of cards 
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on which the List-1 responses were typed ai 
asked to reconstruct the correct List-1 eri 
order. The Ss then recorded this orderi 
on the same recall sheet employed on ti 
MFR test. 
Subjects.—A total of 128 Ss, drawn fro 
Psychology classes at the University: 
California, served in this study, 16 in each 
the eight conditions. The main experi i 
conditions were randomized in blocks of 
while list orderings were randomized 
balanced in blocks of 32, Four independent 
randomized balanced blocks were com 
structed, Ss being assigned to conditions i 
order of appearance at the laboratory. 
S was dropped for failure to reach Lis 
criterion. 


RESULTS 


Lists 1 and 2: learning. —The ave 
age number of trials required to rea 
List-1 criterion was 8.69 for the lo 
list and 6.02 for the high list, F (1, 120 
= 11.70, p < .01. None of the 
maining main effects nor any of th 
interactions were significant (all P 
> .10), indicating a comparability in 
the learning ability of Ss in the variou 
treatment combinations. An analysi 
of List-2 learning revealed a slight 
superiority of the low groups in the 
total number of correct responses, but 
this difference was not significant, 
F (1, 60) = 1.71, p > .10. 

List-1 recall. The mean recall 
List 1 on the MFR test for the vari 
ous groups is presented in Table 1. 
Stringent scoring refers to recall with 


E conditions, F (1, 60) = 27.22, 
b < .01, but no significant variation: 
for the frequency variable, nor for 
the interaction of the two variables, 
F (1, 60) = .29 and 1.37, respectively, 
P 2.10. On the other hand, both 
main variables were significant with 
lenient scoring, F (1, 60) = 53.73, 
b < 01, for the E-C difference and 
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F (1,60) = 5.09, p < .05, for the L-H 
difference, more high-frequency words 
(8.84) being recalled than low-fre- 
quency words (7.50). Although a nu- 
merically greater E-C difference was 
found for the low words than for the 
high words, the interaction between 
the two variables was not significant, 
F (1, 60) = 2.64, p > .10. A com- 
parison of the average gain in lenient 
scoring for the various groups failed 
to reveal any significant differences 
(all p’s > .05). In short, significant 
unlearning was found with both scor- 
ing methods together with a nonsig- 
nificant tendency for greater unlearn- 
ing with low than with high words. 
A tabulation of RO scores for all 
groups is to be found in Table 2. 
There were no differences involving 
comparisons between MFR and RO 
groups (p’s > .10). The only signifi- 
cant difference in this analysis was 
between the combined E and C 
groups, F (1,120) = 7.70, p < .01; 
of the remaining comparisons, the 
largest difference was between high 
and low words, F (1,120) — 1.74, 
p> 10. In these analyses serial 
placement was considered correct only 
when the word was placed in the 
correct serial position. It is conceiv- 
able that many of the misplaced 
responses represented merely dis- 
placed serial chains. This speculation 
would be consistent with the chaining 
hypothesis of serial learning. On the 
other hand, since the serial-position 
hypothesis specifies the unlearning of 
the position association, the particular 
ordering of the misplaced responses 
should be independent of the ordering 
of the words in the original serial lists. 
A more stringent test of this hy- 
pothesis involves a tabulation of the 
number of words placed in correct 
. relative order. The average number 
of relatively correct placements for 
the C conditions was 9.55 and for the 
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TABLE 2 
MEAN Correct SERIAL PLACEMENT ON 


List-1 REORDER Test ror RO 
AND MFR GRours 


Low Frequency High Frequency 


Group 
Control Exp. Control Exp. 
RO 9.75 744 8.81 7.88 
MFR 9.06 8.62 8.56 1.25 
Average| 9.41 8.00 8.69 7.56 


E conditions was 8.31, F (1, 120) 
= 9,05, p < .01, In addition, signifi- 
cantly, more low words were relatively 
ordered (9.41) than were high words 
(8.45), F (1,120) = 540, p < .05. 
None of the other comparisons was 
significant (all p’s > .05). Thus, it is 
apparent that a significant unlearning 
of first-list serial order, which is 
independent of the unlearning of 
first-list responses, can occur. Fur- 
thermore, the E-C difference does not 
appear to be dependent upon word 
frequency, at least as manipulated in 
the present experiment. 

Since it is conceivable that differ- 
ences in S ability may influence the 
amount of RI observed in the MFR 
and RO tests, Ss were compared on 
the two tests on the basis of List-1 
learning speeds. The Ss in E and C 
groups were equally divided into the 
eight slowest and fastest Ss; ties were 
decided by a flip of a coin. The 
MER Ss were not included in the RO 
comparison. Although fast Ss tended 
to higher recall on both the MFR and 
RO tests, these differences were not 
significant, F (1, 56) = .96 and .48, 
respectively, p > .25. Moreover, none 
of the interactions involving ability 
level was significant (all p’s > .25). 
These results indicate that once Ss are 
taken to the same first-list criterion, 
differences in S ability do not greatly 
influence the amount of response or 
serial-order unlearning. 
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Discussion 


The main findings of this experiment 
and of those described earlier are that 
unlearning of first-list responses can 
occur in serial learning, that the degree 
of this unlearning is a direct function of 
the number of interpolated trials, and 
that the amount of response loss tends 
to be greater for low-frequency words. 
As noted earlier, these findings can be 
explained by either the chaining or serial- 
position hypothesis. The results of the 
reordering test showed that first-list 
serial associations are also affected by 
second-list interpolation. Since signifi- 
cant RI of serial order is not predicted 
by the simple chaining hypothesis and is 
predicted by the position hypothesis, the 
later notion receives additional support 
Írom these findings. 

It should be noted that in this analysis 
the chaining hypothesis is based upon the 
assumption that the stimulus in serial 
learning is the immediately preceding 
item in the serial list. This should not be 
taken to mean, however, that serial posi- 
tion is the stimulus in serial learning nor 
that a chaining hypothesis must specify 
only the immediately preceding item as 
the stimulus. It is possible that many 
stimulus cues are utilized in serial learn- 
ing and that these findings merely 
demonstrate that position cues may be 
involved. The difference in RO score 
is small (1.25 items) which may leave 
"room" for the operation of other serial 
cues in serial learning. In any case, the 
position hypothesis has received some 
Support from these findings in the present 
experiment. 

The assumptions made in this analysis 
that an A-B, C-D paradigm is formed 
between serial lists if Ss learn by con- 
tiguous chains and that an A-B, A-C 
paradigm is formed if Ss learn by 
utilizing serial-position cues receive fur- 
ther support from another study (Kep- 
pel, 1964). In this study, Ss were given 


conditions, 


methods of Presentation, the traditional 
method of 
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method in which the starting point was 
changed on successive trials while th 
relative order between items on the 
serial list remained intact. Since the 
varied-position method eliminates seria) 
position as an effective stimulus in serial 
learning and apparently forces Ss to 
increase their use of serial chains, the 
transfer paradigm represented for this 
method of presentation would be the 
A-B, C-D relationship, while the para- 
digm represented for the traditional 
method appears to be an A.B, A.C 
relationship, assuming that Ss tend to 
use position cues as a stimulus. This 
speculation was supported by the fact 
that significantly greater RI was found 
with the traditional method than with 
the varied-position method. 

Since meaningfulness of List 1 was 
varied in the present experiment, it is 
possible to ask whether the recall 
measures reflect the operation of the 
unit-sequence interference postulated by 
Underwood and Postman (1960). In 
their analysis, Underwood and Postman 
assumed that as the meaningfulness of 
the words in the serial list increases the 
number of associations of any word in 
the list with the other words in the list 
and words not in the list increases. 
During serial learning these extraexperi- 
mental associations between words are 
extinguished and recover during the 
retention interval, resulting in greater 
forgetting for high-frequency words than 
for low-frequency words. A test of this 
hypothesis is afforded by the MFR and 
RO tests given to the control conditions. 
First, there is the question of total 
response availability and it is clear from 
Table 2 that more words were recalled 
from the high-frequency list (10.76 vs. 
10.19). This difference probably reflects 
the difference in degree of learning follow- 
ing the attainment of a common criterion 
on the high and low lists. Two measures 
of the retention of serial order are avail- 
able, stringent scores on the MFR test d 
and the scores on the RO test. For both ; 
measures better recall of serial order was 
obtained for the low-frequency lists, 7.88 
Ys. 7.44 stringently recalled words on 
MFR and 9.41 and 8.69 correct place- 
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ments on the combined RO test. These 
findings are consistent with the unit- 
sequence hypothesis and are similar to 
those reported by Postman (1961) with 
paced recall of serial lists and by Post- 
man, Turnage, and Silverstein (1964) 
with the running memory span for 
words. 


REFERENCES 


Barnes, J. M., & UNDERWoop, B. J. “Fate” 
of first-list associations in transfer theory. 
J. exp. Psychol., 1959, 58, 97-105. 

Kepret, G. Retroactive inhibition of serial 
lists as a function of the presence or 
absence of position cues. J. verbal Learn. 
verbal Behav., 1964, 3, 511-517. 

McGovern, J. B. Extinction of associations 
in four transfer paradigms. ^ Psychol. 
Monogr., 1964, 78(16, Whole No. 593). 

MELTON, A. W., & Irwin, J. McQ. The 
influence of degree of interpolated learning 
on retroactive inhibition and the overt 
transfer of specific responses. Amer. J. 
Psychol., 1940, 53, 173-203. 

Postman, L. Extraexperimental interference 
and the retention of words. J. exp. Psy- 
chol., 1961, 61, 97-110. 


149 


Postman, L., & Ritey, D. A. Degree of 
learning and interserial interference in re- 
tention. U. Calif. Publ. Psychol., 1959, 8, 
271-396. 

Postman, L., TURNAGE, T. W., & SILVER- 
STEIN, A. The running memory span for 
words. Quart. J. exp. Psychol., 1964, 16, 
81-89. 

THORNDIKE, E. L., & Lorce, I. The teacher's 
word book of 30,000 words. New York: 
Teachers College, Columbia University, 
Bureau of Publications, 1944. _ 

Taune, L. E., & UNDERWOOD, B. J. Retro- 
active inhibition as a function of degree of 
interpolated learning. J. exp. Psychol., 
1943, 32, 185-200. 

UwpERwoop, B. J. Stimulus selection in 
verbal learning. In C. N. Cofer & B. S. 
Musgrave (Eds), Verbal behavior and 
learning. New York: McGraw-Hill, 1963. 
Pp. 33-48. 

UwpERwoop, B. J., & Postman, L. Extra- 
experimental sources of interference in 
forgetting. Psychol. Rev., 1960, 67, 73-95. 

Youxc, R. K. Tests of three hypotheses 
about the stimulus in serial learning. 
J. exp. Psychol., 1962, 63, 307-313. 


(Received August 21, 1964) 


Journal of Experimental Psychology 
1966, Val Ao. 1, 150-158 


VISUAL AND PROPRIOCEPTIVE ADAPTATION 
TO OPTICAL DISPLACEMENT 
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The effects of long-term optical displacement of the visual stimulus were 
measured in a wide variety of sensory coordinations. The pattern of 
changes observed indicated that a transient adaptation in the proprio- 
ceptive system is succeededjby a stable adaptation in the visual system. 
It was found that viewing the whole body during optical displacement, 
rather than just a part of it, serves to induce the visual adaptation. 


When the environment's optical 
direction from the eye is displaced to 
one side of its objective direction, as 
by a wedge prism in front of the eye, 
the normal coordination of vision 
with the other spatial senses is cor- 
respondingly altered. There have 
been several studies of adaptation to 
optical displacement, and of the kind 
of experience needed to induce it 
(Held & Hein, 1958; Helmholtz, 
1925). These studies have usually 
employed eye-hand coordination as 
the dependent variable. If S points 
to a visible target, while looking 
through a prism, his error is initially 
comparable to the optical displace- 
ment imposed by the prism, so long 
as he does not see his hand. 1f, how- 
ever, he is allowed to look at his 
moving hand through the prism for 
a few minutes, his eye-hand coordina- 
tion shows a compensatory change 
even when the hand is again con- 
cealed. This phenomenon shows that 
the visual and proprioceptive systems 
have been recoordinated: A new hand 
position gives S the feel of coinciding 
with the visual direction of the target. 

1 This research was supported by Research 
Grant MH 07588-02 from the National 
Institutes of Health to the University of 
Minnesota. Special thanks are due to Karren 
Ikeda and Carol Ovitz for their assistance in 
several of the experiments, and to the Depart- 
ment of Psychology of Cornell University 
which provided research facilities, 


But eye-hand recoordination does not, 
by itself, tell us whether the adaptive 
change occurred in the seen location 
of the target, in the felt location of the 
hand, or in some central system that 
relates the two (Walls, 1951). 

Recent studies have indicated that 
the adaptation induced by looking 
at one's hand through a prism is 
proprioceptivein nature (Harris, 1963; 
Pick, Hay, & Pabst, 1963). The evi- 
dence comes from testing other hand 
coordinations along with eye-hand 
coordination. At the same time that 
S is found to reduce his error in point- 
ing at visible targets, he starts to show 
errors in pointing at sounds or 
"straight ahead." The changes in 
pointing at visual and nonvisual tar- 
gets are similar in size and direction. 
This uniform change in hand position- 
ing, irrespective of the sense modality 
of the target, seems most reasonably 
explained by supposing that the 
Proprioceptive system of the hand, 
during the prismatic view, was “re- 
calibrated" to match the externally 
imposed visual error. 

The present study concerns the 
question of whether the optically dis- 
placed visual system always draws 
other systems into alignment with 
itself, or whether some kinds of prism 
exposure can induce an adaptation 
within the visual system itself. Our 
method involves studying the pattern 
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of changes in several different sensory 
coordinations, and then inferring the 
locus of the adaptation. 

In Exp. I, Ss engaged in their 
normal activities during 6 wk. of con- 
tinuous exposure to spectacle prisms. 
This exposure condition would seem 
to give the best opportunity for all 
possible adaptive mechanisms to oper- 
ate. Changes in eye-hand and ear- 
hand coordination were measured 
throughout. In Exp. II, the battery 
of coordination tests was enlarged to 
isolate possible changes in the visual 
or auditory systems. Finally, Exp. 
III sought to identify the factors 
which determine the kind of adapta- 
tion that takes place. 


EXPERIMENT I 


Eye-hand and ear-hand coordina- 
tion were measured in a group of 
eight Ss who wore prism spectacles 
continuously for 6 wk. (The general 
results for this group, including adap- 
tation to various prismatic distortions, 
are summarized in Pick & Hay, 1964.) 
So long as a shift in the proprioceptive 
"feel" of the hand is the only ad- 
aptation, these two coordinations 
should show identical changes during 
exposure. 


Method 


Prism-exposure  condilions.—Six women 
and two men, between the ages of 18 and 36, 
carried out their normal activities as college 
students while wearing 20 diopter prisms, 
mounted base left or base right in 40-mm. 
round spectacle frames. The optical displace- 
ment was approximately 11°, to the left for 
half the group, to the right for the others. 
The combined prismatic fields of the two eyes 
spanned about 60? vertically and 90? hori- 
zontally; side shields prevented any non- 
prismatic view. One S dropped out of the 
experiment after 33 days. 

Coordination tests —Eye-hand coordination 
was measured with an apparatus based on 
. Held and Gottlieb's (1958) design. The S 
saw a set of six targets reflected in an oblique 
mirror, and he reached under the mirror to 
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mark their apparent locations on a concealed 
surface at the same distance as the targets. 
Ear-hand coordination was measured with a 
form of the apparatus used by Pick et al. 
(1963): While blindfolded, S heard a clicker 
sound from each of five positions, and he 
marked its apparent direction on a pad of 
newsprint mounted below the clicker. These 
two coordination tests were given before, 
during, and after the prism-exposure period. 


Results 


Figure 1 shows the group’s mean 
errors on both eye-hand and ear-hand 
coordination over the course of the 
experiment. The error is expressed 
in terms of its angular extent relative 
to the right eye. Positive errors are 
in the direction of the optical displace- 
ment; thus adaptation is indicated by 
a declining error. Ninety-five per- 
cent confidence limits given in paren- 
theses beside each test’s record are 
based on the mean daily standard 
error of the test. 

Eye-hand coordination changes.— 
For 12 days prior to prism exposure, 
the eye-hand record shows close to 
zero constant error. When the spec- 
tacles are first put on, on Day 0, the 
discontinuity in the record shows that 
an error of about 8° is produced. 
(The discrepancy from the optical 
displacement of 11° may be due to 
some rapid adaptation before this 
test was administered.) An adaptive 
change is found by Day 1, compensat- 
ing for 70% of the initial error. Fur- 
ther exposure leads to essentially 
complete compensation, although the 
last 12 tests continue to show a slight 
but significant (P < .05) difference 
from the preexposure tests. When the 
prisms are removed, on Day 42, the 
adaptation state is manifested by an 
aftereffect error opposite to the initial 
prism effect. This negative after- 
effect shows a readaptation which 
approximately mirrors the prism ad- 
aptation curve. 
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—EYE- HAND MATCHING (12.3) 
—-EAR- HAND MATCHING (*4.T) 


LES 


Le 


v. 


i POST TEST DAYS 


Fic. 1. Errors in eye-hand and ear-hand coordination during 42-days exposure to optical 


displacement. 


Ear-hand coordination changes.— 
The ear-hand record before exposure 
Shows no consistent bias, but mani- 
fests less precision than the eye-hand 
record. No change is registered, of 
course, when the prisms are first put 
on. Concurrent with the compensa- 
tory eye-hand change on Day 1, the 
ear-hand record shows a parallel 
change, as if both were due to a shift 
in felt hand position, in accord with 
the short-term exposure findings of 
Harris (1963) and Pick et al. (1963). 
"The ear-hand error is transitory, how- 
ever, being succeeded by a reverse 
shift on Day 2. During the following 
15 days of exposure, no evidence of a 
chronic ear-hand error is found, as 
would be expected if there were a 
purely proprioceptive adaptation to 
the prisms. On Day 20 and there- 
after, a negative drift develops which 


(Ninety-five percent confidence limits given in parentheses.) 


is not readily explained by any theory. 

During the first day without the 
spectacles, a transitory ear-hand error 
again appears, opposite to the first, as 
if the beginning of readaptation in- 
duced an opposite constant error of 
hand localization. 


Discussion 


The first stages of adaptation during 
the “naturalistic” prism-exposure condi- 
tions of the present experiment appear to 
induce the same pattern of coordination 
changes that Harris (1963) and Pick et 
al. (1963) found in short-term exposure 
to the hand alone. The ear-hand error 
disappears quickly, however, while the 
eye-hand compensation remains. 
second process of adaptation is therefore 
indicated, one which develops at a slower 
rate. 

Assuming that a proprioceptive altera- 
tion occurs in the first stages of prism: 
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exposure, slower acting changes in either 
vision or audition could explain the 
subsequent coordination pattern. A 
visual system change might take place, 
stabilizing the eye-hand compensation, 
while allowing the quick acting pro- 
prioceptive adaptation to dissipate. Al- 
ternatively, the binaural localization 
system could be drawn along with 
proprioception into alignment with vi- 
sion, cancelling the ear-hand error. The 
same interpretations apply to the events 
during readaptation. 


EXPERIMENT II 


Four new coordination tests were 
added to the eye-hand and ear-hand 
tests in a replication of the first stages 
of Exp. I. These tests were designed 
to confirm the occurrence of a non- 
proprioceptive adaptation; to show 
more clearly whether this adaptation 
is in one of the other sensory systems; 
and, if so, whether the new adaptation 
occurs in vision or in audition. 

An ear-eye coordination test re- 
quired S to identify the visual direc- 
tion of a concealed sound source. 
Changes in this test should confirm 
the existence of adaptation elsewhere 
than in body proprioception. 

An eye-head coordination test re- 
quired S to turn his head until he was 
directly facing a visible target. The 
S's setting of his head identifies what 
combination of ocular posture and 
retinal image position evokes in him 
the visual impression of straight 
ahead. Changes in this test therefore 
suggest an alteration within the 
visual system. 

An ear-head coordination test re- 
quired S to turn his head so that he 
was directly facing a concealed sound 
source. His head setting identifies 
what binaural stimulation evokes 
in him the auditory impression of 
straight ahead. Changes here would 

` therefore suggest an alteration in the 
auditory system. 


153 


Finally, a head-hand coordination 
test required S to point straight ahead 
of his nose, with his eyes shut. 
Changes in this test should identify 
alterations in the felt position of the 
hand relative to the head. 


Method 


Prism-exposure conditions —The prism ex- 
posure of the first 6 days of Exp. I was re- 
peated on seven new Ss, four women and 
three men, from the same population. Four 
wore base-left, three base-right prisms. 

Coordination tesis.—A new apparatus was 
used in order to administer all coordination 
tests, except the head-hand coordination, on 
the same measurement scale, and to improve 
the precision of auditory localization, A 
horizontal scale of numerals, 2 cm. apart at 
50 cm. from the eye, provided visible targets, 
and identifying markers for reporting the 
visual directions of sounds. Three loud- 
speakers, 5 cm. in diameter, were mounted 
just below the visual scale, one straight ahead 
and the others 5 cm. to the right and left. 
They were concealed from view by a cloth 
screen running the length of the visual scale. 
Half-second pulses of white noise could be 
delivered to them from a tape recorder to 
provide audible targets. The surrounding 
walls were lined with sound-absorbent tile. 
Beneath the speakers and the visual scale, 
there was a row of 30 push buttons, 2 cm. 
apart on centers, which registered S's manual 
judgments of target position, The buttons, 
along with S's hands and body, were con- 
cealed from view by a shelf that projected 
from below the speakers to S's chin. The S's 
head rested on a chin piece, and was rigidly 
located by a bite board molded in dental 
impression compound. The bite piece and 
chin rest were mounted on a Bausch and 
Lomb head support which permitted rotation. 
The S could thus turn his head, aiding himself 
with his left hand on the support post, and 
his head position could be measured by means 
of a pointer at the base of the support post. 

Three test procedures were administered 
with this apparatus, and they provided 
measures of eye-hand, ear-hand, ear-eye, 
eye-head, and ear-head coordination. In one 
procedure, S was told a number on the visual 
scale, turned his head so that he was facing 
it (eye-head coordination), and then pushed 
the button which he felt to be directly under 
the number (eye-hand coordination). In the 
second procedure, S was presented with a 
train of white noise pulses from one of the 
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speakers, turned his head so that he was 
facing it (ear-head coordination), and then 
pushed the button directly under the sound 
(ear-hand coordination). In the third pro- 
cedure, S was again given the audible target, 
again turned his head towards it (ear-head 
coordination again), and then reported the 
visual scale number closest to the direction 
of the sound (ear-eye coordination). These 
tests were given in a mixed order, 10 measures 
on each (doubled for the ear-head test), and 
they took about 20 min. in all. They were 
given before, during, and after prism exposure. 
In this experiment, S did not wear the prisms 
during testing, but he did wear a pair of empty 
spectacle frames to match the visual frame- 
work of exposure. 

The head-hand test was given in another 
apparatus which held S's head in a fixed 
position, giving a stable direction for hand 
pointing. His head fixed by a bite board, and 
his eyes blindfolded, S reached out and put 
his right index finger on a glass pane 57 cm. 
from his head, locating it so that it felt to be 
directly in front of his nose. Ten measures 
were taken on this test on each testing 
Occasion, 
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Results 


Figure 2 shows the changes in co- 
ordination on the six tests over the 
course of the experiment, using the 
preexposure measures as the base line, 
Positive changes are compensatory 
for the optical displacement (or 
error producing for nonvisual tests 
in the direction opposite the optical 
displacement). An analysis of vari- 
ance shows a significant variation be- 
tween coordination tests, F (4, 24) 
= 5.84, p € .01; but does not show 
a reliable interaction among their 
records over time, F (16, 96) = 1.21, 
$ < .20. 

Eye-hand coordination changes. —A 
stable compensation is again found, 
almost reaching its maximum in the 
first 12 hr. of exposure. 

Ear-hand coordination changes.—A 
transient change is found here as in 


— etYE -HAND (£3.1°) 


2.4") 
nag FAREYE t 
EYE- HEAD (52.4) 


... EAR- HAND (+2.4°) 
eHEAD-HAND (2.87) 


EAR-HEAD lt 3.17) 


PRISM EXPOSURE HOURS 


Fic. 2. Changes in six coordinati 


on tests during 6 days exposure to optical displacement, 


(Ninety-five percent confidence limits given in parentheses.) 
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Exp. I, showing a gradual decline 
after a rapid initial rise. The error 
does not return to zero as in Fig. 1; 
the improved precision of the present 
apparatus may be a factor in this 
difference. 

Ear-eye coordination changes.—A 
compensatory change is found in this 
new test, showing a gradual rise, and 
thus confirming the hypothesis of a 
nonproprioceptive adaptation devel- 
oping more slowly than the proprio- 
ceptive adaptation. 

Eye-head coordination | changes.— 
The compensatory change in this test 
matches that of the preceding test 
throughout, suggesting that the two 
coordinations reflect in common an 
adjustment in the visual system. 

Ear-head coordination changes.—No 
reliable change is found in this 
coordination, indicating that no alter- 
ation occurred in the binaural local- 
ization system. 

Head-hand coordination. changes.— 
This test shows the same transient 
change as the ear-hand test, confirm- 
ing a brief adjustment to the pro- 
prioceptive system. 

Relationships between the coordina- 
tion changes—The ear-eye and ear- 
hand changes taken together seem to 
equal the eye-hand change over the 
course of the prism exposure. This 
suggests that processes acting in the 
first two coordinations are having a 
combined influence on eye-hand co- 
ordination. It is reasonable to sup- 
pose that these processes are adapta- 
tions in the visual and proprioceptive 
systems. 


Discussion 


The pattern of coordination changes 
shown in Fig. 2 is exactly that to be ex- 
pected if a gradual adaptation in the 
- Visual system accompanies a rapid, 
largely transitory one in the propriocep- 
tive system. The visual adaptation by 
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itself accounts for the ear-eye and eye- 
head records; the transient propriocep- 
tive adaptation by itself accounts for the 
ear-hand and head-hand records; and 
the two together account for the eye- 
hand record. 

Supplementary study—A similar ex- 
periment, using 3 days of prism exposure, 
was summarized in Pick and Hay (1964). 
This study measured ear-eye coordina- 
tion along with eye-hand and ear-hand 
coordination, in nine Ss not used in any 
of the present experiments. The records 
for this group are congruent with Fig. 2, 
showing a large eye-hand adaptation, a 
somewhat smaller ear-eye change, and a 
transient ear-hand error. 


EXPERIMENT III 


What conditions of prism exposure 
induce an adaptation of the visual 
system? In the two foregoing experi- 
ments, where a visual adaptation was 
found, an indefinite variety of pris- 
matic views was experienced by S 
as he carried out his normal life 
activities, and a long period was 
allowed for those experiences to have 
an effect. These exposure conditions 
contrast with those of the studies by 
Harris (1963) and Pick et al. (1963), 
in which prism exposure was limited 
to a view of one hand, and lasted 5 
min. or less. The latter studies appear 
to have produced a purely propriocep- 
tive adaptation. Does the difference 
in things viewed through the prism, 
or the difference in exposure time, 
account for the difference in adapta- 
tions? The present experiment varied 
the kind of visual experience during 
prism exposure, to see if this factor 
could account for differences in the 
nature of adaptation. 

An expansion pattern-exposure con- 
dition (Cond. A) was tested, during 
which S walked towards a visible 
target and experienced the optical 
displacement of the center of expan- 
sion in the visual field (cf. Held & 
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Freedman, 1963). It was hypoth- 
esized that the purely visual dis- 
crepancy between the normal and the 
prismatic expansion pattern might 
induce adaptive adjustments within 
the visual system. To keep the effects 
of this visual discrepancy distinct from 
those of intersensory conflict (see 
below), all parts of S's body were 
concealed from his view during this 
exposure condition. 

The hand-exposure condition (Cond. 
B) used by Harris (1963) and by 
Pick et al. (1963) was repeated, using 
an ear-eye coordination test to check 
the absence of a visual adaptation in 
this condition. 

A body-exposure condition (Cond. C) 
was tested, during which S viewed the 
greater part of his own body, and saw 
and heard his own movements and 
theirconsequences. In this condition, 
a great many nonvisual stimuli were 
placed in conflict with vision, and 
might reasonably be expected to 
induce a change in it. 


Method. 


Prism-exposure conditions.—Fifteen min- 
utes of prism exposure was given to 54 under- 
graduate girls divided into three treatment 
groups of 18 each. The exposure conditions, 
ordered in terms of the amount of his body 
which S was allowed to see through the prism, 
were as follows: 

Condition A: expansion pattern exposure — 
The S walked back and forth between two 
eye-level targets, which he was instructed 
to fixate during approach. The targets 
were at opposite ends of a 20-ft, track; the 
pace was uncontrolled, and varied between 
30 and 120 sec. for each 40-ft. circuit. A 
cardboard box was fitted over S's shoulders to 
conceal his body from view, 

Condition B: hand exposure.—The S’s head 
was on a chin rest, his body concealed bya 
curtain suspended from the chin rest. He 
reached under the curtain with his right hand 
to sort playing cards, 

Condition C: body exposure.—The S walked 
the same track as in Cond. A, but this time 
he controlled his course by watching two 
guidelines on the floor 1 ft. apart, Each foot- 
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step was required to just touch the edge of a 
floorboard, and to be preceded by dropping: 
and catching a small ball on an elastic cord, 
These requirements effectively forced S con- 
tinually to watch his moving body. 

In order to maximize the adaptation effects 
to be compared, the prism strength used was 
26 diopters, giving a displacement of ap- 
proximately 15°. A Risley variable prism, 
mounted in a modified skin diver's mask, was 
used: The right eye had a 60? round field, the 
left eye was covered. The mask was worn 
throughout the experiment, providing a uni- 
form visual framework during exposure and. 
testing. The rotary prism was set to zero 
power for pre- and posttests ; during exposure, 
it was set to produce left displacement for 
half the Ss in each condition, right displace- 
ment for the others. 

Coordination tests—The three coordina- 
tions between eye, ear, and hand were tested, 
using the same apparatus as in Exp. II. The 
S's head was not free to turn in this experi- 
ment, Twenty measures on each coordination 
were taken in mixed order, before and after 
prism exposure; this took about 5 min. each 
time. 


Results 


The coordination changes produced 
by the three exposure conditions are 
shown in Fig. 3. An analysis of vari- 
ance shows significant variation be- 
tween exposure conditions, F (2, 51) 
= 26.3, p < .001; between coordina- 
tion tests, F (2, 102) = 32.5, p < .001; 
and an interaction between them, 
F (4, 102) = 3.90, p < .01. 

As the amount of the body seen 
through the prism increases, the eye- 
hand and ear-hand changes show à 
common pattern, with a maximum 
change produced by hand exposure. 
This is consistent with the theory that 
a proprioceptive adaptation underlies 
them both, during short-term ex- 
posure. It also suggests that the 
change imposed on proprioception by 
optical displacement is reduced when 
the “feel” of the whole body is put 
into conflict with vision. s 

In contrast, ear-eye coordination 
shows a different dependence 0" - 
exposure conditions: The only reliable 
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EYE-HAND (20.8) 


"e EAR- HAND (H.S) 


L--77 EAR-EYE (10.9) 


A B c 
PRISM EXPOSURE CONDITION 


Fic. 3. Changes in coordinations between eye, ear, and hand as a result of different visual 


exposures during optical displacement. 


(Exposure conditions ordered in terms of increasing 


S's exposure to his own body. Ninety-five percent confidence limits given in parentheses.) 


change was produced by body ex- 
posure, p X .001. A visual adapta- 
tion is thus indicated, and this 
interpretation is supported by the 
fact that the eye-hand change reliably 
exceeds the ear-hand change only in 
this condition, p X .05. 


Discussion 


Prism exposure to the moving body 
appeared to induce a visual adaptation. 
At the same time, body exposure reduced 
the proprioceptive adaptation from that 
produced by hand-only exposure. Ex- 
posure to the prismatic displacement of 
the optical expansion pattern induced no 
visual adaptation. 

The body-exposure condition involves 
a high degree of discrepancy between 
vision and the other sensory systems. 
The S saw and felt his body moving, and 
he saw, heard, and felt contacts of his 
body with the floor and the ball. The 
expansion pattern-exposure condition, 


instead of an intersensory conflict, pro- 
vided a discrepancy from the usual 
optical results of walking. We may infer 
that visual adaptation to optical displace- 
ment is induced by a sufficiently strong 
conflict with other sensory systems. The 
hand-exposure condition, inducing no 
visual adaptation, may be supposed to 
provide insufficient intersensory conflict. 

Supplementary study.—The body-ex- 
posure condition was repeated on 12 new 
Ss, and eye-hand coordination was tested 
with both hands. The results were in 
agreement with those of Fig. 3: 4.2 + 0.9° 
change in the coordination of the right 
hand with the eye, 4.2 + 1.3° for the 
same with the left hand; 3.1 + 1.8° 
change in ear-hand coordination; and 
1.5 + 1.1? change in ear-eye coordina- 
tion (95% confidence limits). 


GENERAL DISCUSSION 


Adaptations appear to occur in both 
the visual and the proprioceptive systems 
to optical displacement. The visual 
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adaptation occurs less readily than the 
proprioceptive one, but is more enduring 
when prism exposure is long extended. 
Proprioceptive adaptation can be in- 
duced, as has been previously reported 
(Harris, 1963; Pick et al, 1963), by 
viewing one's hand through a prism for 
a few minutes. Visual adaptation re- 
quires putting a greater variety of 
nonvisual stimuli into conflict with the 
optical displacement, by viewing most of 
one's body through a prism. The visual 
adaptation appears to replace an initial, 
quick acting proprioceptive adaptation 
during long-term prism exposure. 

To what part of the visual system 
might this adaptation be due? Helm- 
holtz (1925) originally suggested that 
optical displacement is compensated for 
by a change in “sensed” eye position: 
An oblique position of the eyes comes to 
evoke the impression of straight ahead. 
Such an eye-position adaptation may 
seem attractively consistent with the 
proprioceptive adaptation in “felt” hand 
position, but this parallel may be mis- 
leading: Neurological theory does not 
attribute the registration of eye posture 
to a proprioceptive system (Whitteridge, 
1960). Some neurological evidence does 
make it reasonable to attribute changes 
in eye-hand coordination to modifica- 
tions in eye posture, whatever the basis 
for its registration: Patients with a 
newly paralyzed eye muscle tend to 
point to one side of visual targets 
(Alpern, 1962). As a further argument 
for assigning any visual adaptation to 
eye posture or its sensing, the anatomical 
structure of the rest of the visual system 
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appears unsuited for adaptive chan 
in visual direction (Walls, 1951). 
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IMPROVEMENT IN RECALL ON UNREINFORCED RECALL TRIALS 


ROSE GREENBLOOM ! 
University of California, Berkeley 


AND 


GREGORY A. KIMBLE 
Duke University 


In an experiment employing the A-B, A-C retroactive-inhibition 
paradigm, 2 groups of 16 Ss each learned lists of nonsense-syllable 
adjective pairs. Recall was tested on a series of 8 nonreinforced trials 
withstimulialone. During recall, the stimuli were printed in black type 
(as in learning) for 1 group but were handwritten or printed in different 
colors for the other. Both groups showed a significant increase in re- 
tention over the series of recall trials. The only effect of altering the 
stimulus terms in recall was to produce a brief disruption of performance 
which influenced recall of the responses to the 1st few stimuli. 


Several paired-associate (PA) learning 
experiments have included a series of recall 
trials in which S is presented with the stimu- 
lus terms one at a time and is asked to give 
the correct response to each, but is given no 
information as to the correctness of his 
responses. The typical finding in these 
experiments (e.g, Goss, Nodine, Gregory, 
Taub, & Kennedy, 1962; Richardson, 1958, 
1960) is that there is a gradual increase in 
the mean number of correct responses during 
the unreinforced recall trials. 

In earlier experiments the unreinforced 
recall procedure has usually followed an 
interpolated rest. The present study was 
designed to determine whether (a) a similar 
improvement occurs in an experiment which 
employs the A-B, A-C (stimuli the same, 
responses different) retroactive-inhibition 
paradigm and (b) whether changing certain 
contextual stimuli (specifically physical char- 
acteristics of the stimulus item) would affect 
performance on the series of recall trials. 

Method.—Two groups of 16 Ss each served 
in the experiment. The Ss were under- 
graduates, not necessarily naive to verbal 
learning, but none had had experience with 
the unreinforced recall procedure. The Ss 
were randomly assigned to conditions in 
blocks of two, with one S in each pair being 
assigned to experimental (Group E) and 
control (Group C) conditions. 

The A-B and A-C lists both consisted of 
eight nonsense-syllable adjective pairs, The 
stimuli were nonsense syllables with a mean 
Glaze association value of 61%. Intra- 
stimulus similarity was low; no consonants 
were repeated and each of four vowels was 
used twice. The two sets of response items 


` 1 This study was performed by the senior author 
under the direction of the junior author while the latter 
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were common adjectives having minimal 
intralist and interlist meaningful similarity. 
There were two different pairings of stimulus 
and response items. Four different orders 
of presentation were constructed for each 
list, and each order was used equally often 
as the starting order for each group. The Ss 
were assigned to these orders at random. 

Both groups were run in an A-B, A-C 
paradigm and received identical treatments 
until the beginning of the eight recall trials, 
The A-B and the A-C lists of paired asso- 
ciates were both presented on a Stowe 
memory drum at a 2:2-sec, rate with an 8-sec. 
intertrial interval. Learning was by the 
anticipation method. The criterion for List 
1 learning was one perfect recitation; List 2 
was presented for 14 anticipation trials, 
Following the completion of List 2 learning, 
the stimuli only (A items) were presented 
to both groups for eight unreinforced recall 
trials, and S was required to give the List 1 
responses (B items). On these trials the 
stimuli were presented at a 6-sec. rate with a 
12-sec. intertrial interval. Response terms, 
of course, were not presented. 

For Group C, the stimulus items were 
presented, as in learning, in black type; for 
Group E, the stimuli were written or printed 
by hand in various colors. In constructing 
the recall tapes for Group E, various com- 
binations of the colors, red, blue, green, 
and black with printing or script, capital or 
small letters, were employed. Each stimulus 
was different from all other stimuli on any 
one trial. These variations of stimuli were 
repeated on each trial, but they were ran- 
domly assigned to different stimuli over the 
four orders of presentation. The Ss in Group 
E were not told that the stimuli would not be 
typed as in learning. 

Results and discussion.—A t test on the 
mean number of trials to criterion for List 1 
indicates that the two groups were com- 
parable (£2.63). The results obtained on the 
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one significant indication that changing 
physical characteristics of the stimuli af. 
fected recall: A serial-position analysi 
indicated that altering aspects of stimulus 
presentation had a temporary decremental 
effect on the first few items for Group E 
on the first trial. For each S, the number 
correct responses in the first four positions) 
of Recall Trial 1 was subtracted from the 
number correct in the last four positions, 
The mean differences were 0.93 and 0.0 for 
Groups E and C, respectively. The differ- 
ence between these two means was significant, 
t (30) =2.23, p «.05. The same analysis on 
1302 A Tal a es Si later trials revealed no reliable differences 
TRIALS between the groups. Thus, it appears that 
the procedure of changing the stimulus 
LU e: [rper nd oa terms in this way has a minor effect which 
and experimental group (triangles). lasts for less than one trial. 
B 4 dnce (hd 
recall trials are shown in Fig. 1 which pre- new on sicot p reer Se 
sents the mean number of correct responses bem S4 in a study in which he duration of fumulit 
for the eight recall trials. An analysis of test. Nothing promising emerged from this attempt 
ae a MM Iure eee r 
trials was significant, F(7, 210)-213.67, A 
i Thus, these data supplement our dE EEFERENCES non 
nowledge about the increase in performance » A. E. Noping, C. F., Grecory, B. +» TAUB, 
Br crated recall trials by rege] that ee eel Sf senirrence ol response ember 
it occurs following interpolated A-C learning i? paired-associates learning. Psychol. Monogr - 
as well as after an interpolated rest. Retin ie Themis tip of stimulus similarity 
The superiority of Group C over Group E aod cuember of responses, J. exp. Psychol., 1958, 86, 
of approximately .6 items shown in Fig. 1 RICHARDSON, J. Association among stimuli and the 
Was not significant, F (1, 30) 21.10, p>.05, earning of verbal concept lists, J. exp. Psychol 
In searching through the d Mos Dow. 
g through the data we found only (Received July 23, 1964) 
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SPEED OF NONREINFORCED RUNNING RESPONSE FOLLOWING INCREASING 
AND DECREASING ORDERS OF SUCROSE CONCENTRATIONS! 


MELVIN H. MARX AND DAVID C. EDWARDS? 
University of Missouri 


2 experiments are reported in which nonreinforced runnin; vere 
measured following increasing and decreasing orders Saee ak 
centrations and amounts of reward on reinforced trials. The results 
obtained were Interpreted as confirming those earlier reported for the 
ied response (Marx, Tombaugh, Cole, & Dougherty, 1963), where 
ne of nonreinforced responding was found to be reliably greater 
ollowing the Increasing rather than decreasing order of incentives, thus 
Supporting an incentive motivational interpretation of nonreinforced 


Rh pos queden are an (1963). In that experiment an increasing 
Ma ONUS G -press study by order of sucrose concentrations (4%, 8%, 
J għ Cole, and Dougherty 32%, and 64%, successively) was followed 
1 This research was supported in part b United 3 
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of James C. Lynch, Edward Mackenberg, kennen State U; BOT d tt Mpiring the hooded ri 
Potempa, and Larry Schramm in the and ? Now at Iowa State University, 
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by greater bar pressing on immediately 
succeeding nonreinforced trials than a de- 
creasing order of the same incentive, even 
though the opposite result occurred during 
the reinforced trials. The present research 
was intended to replicate these results with a 
different apparatus, and more specifically 
to control for the amount of incentive con- 
sumed. In the previous experiment Ss with 
the decreasing order consumed approximately 
twice as much sucrose during reinforced 
trials, and consequently may have been more 
satiated at the time of nonreinforced test. 

The two experiments used essentially the 
same design as the Marx et al. (1963) ex- 
periment. Experiment I utilized increasing 
and decreasing percentages of sucrose con- 
centration, and Exp. II utilized increasing 
and decreasing amounts of a single concen- 
tration. 

Method.—A 6.5-ft. long straight runway 
was divided into a 1-ft. start box, a 4-ft. 
alley, and 1,5-ft. goal box by two aluminum 
doors (start and retrace). Starting and 
running times were measured over consecu- 
tive distances of 1 ft, and 4 ft., respectively, 
from the start door. 

In both experiments naive rats were used. 
All Ss were placed on 23-hr. food deprivation 
with ad-lib water. Eight trials per day were 
used with an ITI of approximately 1 min. 
All Ss were detained in the goal box for 
the same length of time (15 sec.). 

In Exp. I, Group I received a sequence of 
increasing concentrations of sucrose (4%, 
8%, 32%, 64%), and Group D the opposite 
sequence, for the first four trials. The last 
four trials were nonreinforced. This pro- 
cedure was followed for 12 days. Then, 
following 2 days of rest, all Ss were given the 
I and D treatments, on alternate days, for 
6 additional days. 

In Exp. II, all Ss received both conditions 
(I and D) on alternate days for 12 days. 
Condition I was a sequence of increasing 
amounts of 16% sucrose (.05, .15, .25, and 
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.35 ml.) over the first four of the eight daily 
trials. Condition D was the opposite order 
of the same amounts, The last four trials 
were again nonreinforced. For the first day, 
half of the Ss were randomly assigned to 
Cond. I and half to Cond. D. 

Results and discussion—Figure 1 shows 
mean running speeds for the first part of 
Exp. I as a function of trials in a day. Me- 
dian running speed for each S was com- 
puted on each trial over Days 1-3, 4-6, 7-9, 
and 10-12. The means of these values were 
then used for Fig. 1 and the statistical 
analysis. The main effects of all three vari- 
ables—Order (O), Reinforcement (R), and 
Trials (T)—were reliable, but the major 
interest is in the highly reliable OXR inter- 
action, F (1, 22) = 35.46, p < .005. 

The results in the second part of Exp. I, 
where each S received each treatment, were 
the same as those for the first part, with the 
OXR interaction again highly reliable, F (1, 
23) = 11.29, p « .005. 

The data for starting speeds were essen- 
tially similar in both phases to those for 
running speeds. 

Very similar results were obtained in Exp. 
Il. The statistical reliability of these results 
was indicated by an analysis of variance on 
mean running speeds as a function of trials 
within a day averaged over Days 5-12. 
Again, the 0 XR interaction was also highly 
reliable F (1, 19) 249.09, p <.005. 

It is concluded that the present results 
confirm the ones earlier obtained (Marx 
et al., 1963), thus indicating that the effect 
on nonreinforcement is not a function of 
the amount of incentive consumed and 
extending the generality of the effect to the 
runway. It should be noted that the present 
data do not constitute evidence for the 
effectiveness of the order variable per se, 
since this was not separated from the ter- 
minal level of the incentive in these experi- 
ments, However, they do support the 
proposition that nonreinforced responding 
as here measured is more clearly a function 
of the incentive-motivation conditions than 
of the level of reinforced responding, which 
is generally cited as the most effective deter- 
minant of resistance to extinction (cf. 
Pubols, 1960). The fact that in these experi- 
ments the same results occur when each 5 
receives each treatment lends further support 
to the incentive motivational type of inter- 
pretation. 
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REPLICATION OF REACTION TIME TO ST IMULI 
MASKED BY METACONTRAST 


KEITH HARRISON anp ROBERT FOX 
Vanderbilt University 


Fehrer and Raab 
ing of a test flash 


Fehrer and Raab (1962) investigated the 
effect of metacontrast masking of a test 
flash upon the reaction time (RT) elicited 
by the flash. They found that RT was 
determined solely by the luminance and 
duration of the stimulus; phenomenal diminu- 
tion of test-flash brightness did not result in 
an increase in RT. The Present experiment 
repeated the main Portion of that study 
and obtained similar results, 

Method.—A three-field tachistoscope (Sci- 


Squares of translucent 
zero-luminance ground, 
test stimuli. 

at the center of 
located in a 


with the left and right sides of the test Square. 
Together the 


Pinpoint lights 
rectangle concentric 
peripheral presen- 
t was located 2°50’ 
Square. For both 
conditions, lumi- 


a single fixation poin 
the center of the test 
the foveal and peripheral 
nance of the 


foreperiod values, 
particular tria]. 


For the foveal Presentation experiment, 
three volunteer Ss, aware of purpose but not 
extensively practiced in RT, were used. For 
peripheral presentation, three paid Ss, naive 
concerning purpose and unpracticed in RT, 
were used. Each S participated in five daily 
sessions, each session split into five randomly 
ordered blocks, each block utilizing one of the 
five A! values. Within each block 36 RTs 
were taken in random order, 12 under each 
of the three stimulus conditions: mask alone, 
test alone, and test plus mask. The longest 
and shortest RTs were eliminated from each 
set of 12 prior to analysis. Thus, the basic 
datum is the mean of 50 RTs for each stimu- 
lus condition under each Af for each S. 
Within each block the three foreperiod inter- 
vals were randomized a priori, with the 
restriction that each occur an equal number 
of times. d 

In a preliminary session each S estimated 
by means of a rating scale the degree of mask- 
ing induced by the five Af intervals. A U- 
Shaped function was obtained from all 5s 
greatest masking occurring between A/'s 
50 to 75 msec. Although the test flash was 
Phenomenally absent for certain At values, 
its presence could be inferred by an apparent 
movement of the masks—a movement not 
seen when the masks were presented alone. 

Before each session three practice E. 
were given after S had dark adapted for 


min. The Ss were instructed to react E. 
quickly as possible to any change in stim 
tion. Five-minute rests were given betwee! 


each block of 36 trials, 
Results and discussion, 
tation, the results obtained from each of the — 
three Ss were highly similar. Consequently 
the combined means are given in Table 1. - 
Individual SDs were of the order of 15 n 
and did not vary between stimulus or 
conditions. If the capacity of the test 
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—For foveal presen- 
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to elicit a rapid RT were reduced by the 
masking flash, RTs under the test-plus-mask 
condition would be increased relative to RT 
under the test condition. However, a series 
of t tests for correlated means between condi- 
tions for each S and each Aż reveal no in- 
stance where RT to test plus mask was in- 
creased; and for one S, at Aí—100 msec., 
the test-plus-mask RT was faster (p<.01) 
than for the test mean. 

The means for the peripheral presentation 
experiment given in Table 2 have also been 
combined, since the trends of individual Ss are 
quite similar. The SDs were of the order of 
20 msec. and did not vary between conditions. 
Analyses (| tests) of test vs. test-plus-mask 
RTs revealed no case in which the latter 
increased. 

Contrary to the Fehrer-Raab data, slightly: 
higher RTs were obtained under the 
peripheral condition. One explanation is 
the greater naiveté of the Ss used in our 
peripheral condition. A second explanation 
is the peripheral location of the test flash, 
since it is known that RT increases with 
distance from the fovea. However, this 


TABLE 1 


MEAN REACTION TIMES IN MILLISECONDS 
WITH FOVEAL STIMULATION 


At Test Mask Test Plus Mask 
0 195.2 189.7 192.8 
25 193.6 190.3 194.7 
50 201.7 194.0 198.5 
75 197.3 192.2 194.5 
100 194.5 185.6 194.8 
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TABLE 2 


Mean REACTION TIMES IN MILLISECONDS 
WITH PERIPHERAL STIMULATION 


At Test Mask Test Plus Mask 
0 209.7 204.9 204.8 

25 212.7 202.9 208.6 

50 204.1 203.6 206.9 

75 206.0 203.4 208.9 

100 207.7 198.3 206.0 


explanation seems less tenable, since the 
foveal-peripheral separation used in these 
experiments is small (250^) and may not be 
great enough to produce a significant in- 
crease in RT; the Fehrer-Raab data, obtained 
with experienced Ss, would indicate this to 
be the case. 

For both foveal and peripheral conditions 
RTs to mask tend to be faster than to test, 
an effect attributable to the increased area 
of the mask. Comparisons between test 
and mask RTs indicate RT to mask to be 
significantly faster (p < .01) in five com- 
parisons (four for the foveal condition, one 
for peripheral) out of a total of 15 comparisons 
under each condition. 

The data from both the foveal and periph- 
eral conditions indicate that RT to the test 
flash was determined by its physical char- 
acteristics rather than by phenomenal bright- 
ness, and are fully consistent with the results 
obtained by Fehrer and Raab. 
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UCS INTENSITY AND AVOIDANCE LEARNING! 


SEYMOUR LEVINE 
Department of Psychiatry, School of Medicine, Stanford University 


This study investigated the effects of shock intensity upon the acquisi- 
tion of a conditioned avoidance response. Different groups received 
.20, .35, .50, .65, and .80 ma. of shock during training. The results 
indicated that as shock intensity increased, acquisition tended to be 


disrupted. 


In a recent study, Moyer and Korn (1964) 
reported that relatively intense shock inter- 


Was supported by Public Health Servi 
Career Development Award (No. K3-MH-19,936) from 
the National Institute of Mental Health. 


feres with the acquisition of both escape and 
avoidance responses. It should be noted, 
however, that the levels of shock used by 
these investigators were far in excess of those 
which have generally been employed when 
studying conditioned avoidance behavior. 
The present study indicates that increased 
levels of shock interfere with the acquisition 
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30 
20 35 50 45 60 
Shock level 
Fic. 1. Mean number of a responses 
as a function of level. 


of a conditioned avoidance response in a 
shuttle box, but that a decrease in learning 
as a function of shock intensity is apparent 
with significantly lower shock intensities, 
Method.—The Ss were 90 experimentally 
naive, Long-Evans male hooded rats, pur- 
chased from the Rockland Farms. The Ss 
were approximately 90-110 days old at the 
start of the experiment, The apparatus was a 
shuttle box, 9X18 X12 in., which was sepa- 
rated into two compartments by a partition, 
A 4X5 in. opening at the center bottom of 
the partition constituted a passageway 
compartments. The CS was a small 
buzzer of a fundamental frequency of about 
120 cps. The UCS was a scrambled electric 
shock administered through a grid floor. The 
shock source was a matched impedance, 60-c. 
ac source and the apparatus was fully auto- 
mated. Prior ig the conditioning trials, Ss 
were given a 1-min. adaptation period. At 
the end of this period, the onset of the CS 
marked the beginning of this session, The 
CS was presented for 8 sec., at which time 
the shock was presented automatically if S 
failed to cross during the 8 sec. of the CS 
Presentation. The CS and UCS remained on 
until S crossed, at which time both CS and 
UCS were terminated. The intertrial interval 
pire 60 sec, us TAM time interval varied 
r e mean randomly, The range of ti 
intervals used was fromm Aes 90 cnc iC 
shock levels used were .20, .35, .50, .65, and 
.80 ma. Groups of 18 Ss were run at each of 
the shock levels for 90 trials in a single session, 
Results.—Figure 1 presents the number of 
avoidance responses (responses made within 
the 8-sec. CS latency) for each of the shock 
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levels. An analysis of variance indicated a 
significant shock effect, F (4, 85) = 2 

P <.05. The trend analysis indicated a 
significant linear component F (1, 85) =8, 

p <.001. The quadratic component 
nonsignificant. The data indicate that 
shock level increases, avoidance | 
decreases. Similar results using the 
levels of shock have been reported by Broad: 
hurst and Levine (1963). Thus, even within: 
the relatively small range of shock intensities, 
used in this study, increased shock intensi 
tend to interfere with the acquisition of am 
avoidance response. It is not surprising, 
therefore, that Moyer and Korn (1964): 
found an even greater and more striking 
disruption of conditioned avoidance learni 

in view of the shock intensities they empl [ 
In most of the studies which have investi- 
gated the effects of shock upon performance, 
€g., Kimble (1955) the most common finding 
is that above a given shock level, the nature 
of the function is generally flat, and no fur- 
ther increments or decrements are obtained. 
Whether shock intensity will lead to an 
increment or decrement in performance is 
dependent upon many factors, among them 
being the nature of training, the nature of 
the response, etc. The data from the present 
study and those of Moyer and Korn (1964) 
do indicate that increases in shock intensity 
result in a decrement of the acquisition of an 
active avoidance response. Although the. 
general function obtained in these studies is @ 
linear one, viz., as shock increases, avoidance 
learning decreases, this function is undoubt: 
edly curvilinear. At some point on the shock 
continuum, the shock threshold must be low 
enough to yield little or no avoidance condi- 
tioning. Indication of a curvilinear function 
with shock has been obtained by Brush 
(1957). Other examples of curvilinear relax 
tionships with nonshock motivation have - 


been presented, e.g., Malmo (1958). f 


! 
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El WHY REED RELAY EQUIPMENT? 


... because it's simple 


Reed relay equipment is faster, more flexible, quieter and more durable than 
conventional relay equipment. Why doesn’t it cost more (system for 
system)? 


The answer is simple. 


Conventional relay logic employs coils and contacts (which wear out, get 
dirty, etc.). Reed relays do most of their decision making with magnetic 
fields which do not wear out. Additional logic is performed by semi-con- 
ductors (mostly silicon for big safety factors on power and temperature). 
They are fast and do not wear out either. When contacts are needed, 
hermatically sealed, reed switching capsules do the work. There is no dirt 
and no hinge bearings to wear out, just the contacts which do wear a bit— 
6,000,000,000 operations mechanical life—and very little inertia—so 100 
operations per second is very conservative—and not much audible noise 
either. Electrical noise is much lower too, primarily due to reduced drive 
power and lower contact bounce. 


For the functions they perform, reed relay units employ fewer components. 
Fewer parts mean higher speed, higher reliability and lower cost. 


Simple circuits are hard to design, harder to evaluate. Years of in-house 
tests, plus extensive field tests of sample units preceded the introduction 
of a full line of reed relay equipment early in 1965. 


We believe that the Scientific Prototype reed relay/solid state hybrid sys- 
tem of 24 to 28 VDC programming and control equipment is the finest, most 
modern equipment available. All of the equipment is completely compatible 
with conventional relay equipment; mix the new units with any existing equip- 
ment without any interface equipment, without special wiring restrictions 
and vithout unusual power limitations (3 amps per output). Reed relay 
equipment is functionally equivalent to conventional relay equipment, pro- 
Mayr all standard functions and some not easily provided elsewhere, such 
as "And Memory" and "Exclusive Or’. Even immunity to electrical inter- 
ference is comparable to low speed relays. 


We have already found many people who appreciate receiving faster, more 
reliable and more flexible equipment at prices competitive to conventiond 
equipment. We would like to find many more people with similar interests. 
The new long form reed relay catalogue is available on letterhead request. 
It contains a general introduction to reed relay equipment, plus detailed 
individual data sheets on more than seventy products. 


May we send you a copy? 


LER SCIENTIFIC PROTOTYPE MFG., CORP. 
havior Analysis Apparatus . . . reed rel trol equi, dp 
pellet dispensers, soundproof chambers, event amd cmamianoe auiren, mois 


reato shock Sources, timers, switches, digital test equipment and special 


615 W. 131st Street New York, New York 10027 
Telephone; (212) 


REED RELAY EQUIPMENT 


for 24 to 28 V.D.C. clip mount operation 


SCRAMBLER; A. C. SHOCK 


The Scientific Prototype type 4008-J combined A.C. Shock 

Source and Scrambler provides a compact integrated sys- 

tem for controlling negative reinforcement. The shock 

source may be varied from 0-100 V and has a fixed “equiy- 

alent” internal resistance of 50,000 ohms including the ef- 

fect of the scrambler. Therefore, a short circuit output 

current at 2 MA is a available. The operating mode is in- VOR TAGE 0-100 v. 
termediate between constant current and matched imped- (a i AN. 
ance (constant power) conditions. A completely solid state i | By 
truly random 16 wire scrambler provides an A.C. output at iL stare 
approximately 65 cps to make data comparable with 60 

cps A.C. shock information. The high chopping rate of pls 
the scrambler assures shock integration in the subject pro- x VIRPD! enamn 
viding meaningful average current response. - : 


A reed relay control section provides on-off control either 
by a switch closure to ground at a single input or separate 
stop/start control via two separate inputs. In the event 
that the two inputs occur simultaneously, the overlap be- 
havior is selected by the user. 


The 4008-J combined shock source and scrambler costs 

$250. Matching connector is provided. A similar 60 cps 

A.C. shock source with both shock yoltage and internal impedance con- 
trols, without an internal scrambler but with the full input control facili- 
ties of the combined unit is available as type 4007-J, price $110. 


SLO MAKE, SLO BREAK RELAY 


The 4034-J Slo-make, Slo-break Relay is a highly fexible general pur- 
pose device which provides a contact closure to ground at the output (3 
amps max) in response to an input in the same form with an input cur- 
rent of only 30 milliamps. The make and break delays are separately 
controllable from 30 msec (delay of the relay alone) to 380 msec by tog- 
gle switches marked 30, 50, 100 and 200 msec. These controls are ad- 
ditive. Inputs shorter than the selected “make-delay” produce no output. 


By using only the slo-make controls, delayed onset may be provided to 
insure against the confusion generated by simultaneously occurring com- 
mands. The slo-break section provides pulse "stretching" to insure re- 
liable operation of slow devices such as feeders, from brief command 
pulse. Both make and break delays introduce a. phase-lag". The 
4034-J costs $74. All prices are F.O.B. New York City. 


SCIENTIFIC PROTOTYPE MFG., CORP. 


Behavior Analysis Apparatus . . . reed relay control equipment, rodent test cages, 
pellet dispensers sokadprook Chambers, event, and cumulative recorders, noise 
Penerators. shock sources, timers, switches, digital test equipment and ' special 
systems. 
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LEARNING AND PERFORMANCE AS A FUNCTION 
OF THE PERCENTAGE OF PURSUIT COMPONENT 
IN A TRACKING DISPLAY? 

GEORGE E. BRIGGS 
Ohio State University 
AND MARTY R. ROCKWAY 


Systems Engineering Group, Research and Training Division, Air Force Systems Command 


Ss trained on either a 0%, 25%, 50%, 75%, or 100% pursuit display 
and then transferred to either a 0% or a 100% pursuit display in a 
simple positioning tracking task. During training there was significant 
improvement in performance for each increment in percentage of 
pursuit component; during transfer there were no differences among 


groups within each transfer condition. 


It was concluded that percent- 


age of pursuit has primarily a performance, not a learning effect. 


Traditionally, laboratory research 
on tracking skill has employed either 
a pure pursuit or a pure compensatory 
task. In the former, two moving 
elements are displayed: The target 
element shows the input signal and the 
cursor shows the output which S 
generates in his attempt to match the 
target element. In the compensatory 
task S observes one fixed element (the 
target) and a cursor which moves in 


l This research was carried out in the 
Laboratory of Aviation Psychology, Ohio 
State University, and was supported by the 
Air Force Systems Command, United States 
Air Force, under Contract No. AF 33(616)- 
6107, monitored by the Aerospace Medical 
Research Laboratories. Permission is granted 
for reproduction, translation, publication, 
use, and disposal in whole or in part for any 
Purpose of the United States Government. 


response to system error (the differ- 
ence between input and output). 
Outside the laboratory one finds com- 
binations of pursuit and compensatory 
tasks, e.g., the duck hunter attempts 
to pursue (actually, lead) his target 
while compensating for the rocking 
motion of his boat. 

Senders and Cruzen (1952) were 
first to point out that the pure pursuit 
and the pure compensatory displays 
represent end points on a continuum, 
and they found that tracking per- 
formance varied systematically (time 
on target increased) as the percentage 
of'pursuitedness of the display was 
increased from 0% (a pure com- 
pensatory mode) through three steps 
to 10095 (a pure pursuit mode). 
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Since superior performance was noted 
for those tasks involving higher per- 
centages of the pursuit aspect, it is of 
interest to determine if the level of 
skill acquired varies in a comparable 
manner, i.e., does percentage of pur- 
suitedness influence learning as well as 
performance or is its effect primarily 
with regard to performance level 
only? 

In the present study groups of Ss 
were trained under one of several 
conditions differing in the percentage 
of pursuit component of the tracking 
display. All Ss then transferred to 
either a pure pursuit or a pure com- 
pensatory task. The training condi- 
tions were a replication of those used 
by Senders and Cruzen (1952), and 
it was expected that performance 
would vary systematically with per- 
centage of pursuitedness as in that 
earlier study. Further, any differ- 
ences found among groups within 
either transfer condition could be 
attributed to different levels of skill 
acquired during training, but should 
no differences occur in transfer, even 
though the groups may have differed 
significantly during training, then one 
may conclude that percentage of 
pursuitedness has primarily a per- 
formance, not a learning effect. 


METHOD 


. Apparatus—The Ss tracked in a one- 
dimensional, lag-free (positional) control 
task. The system input was a composite of 
three low-frequency sinusoids (5.5, 9.2, and 
148 cpm), and the tracking display was 
provided by a 5-in. cathode ray tube (CRT). 
The S responded through a one-dimensional 
control device which was virtually free of 
viscous damping and was not spring centered. 
The CRT display contained two elements: 
two vertical lines each .75 in. in length which 
S was instructed to keep in vernier overlap. 
The two lines overlapped .125 in. when ad- 
justed for zero tracking error. The upper 
line served as the target element while the 
lower line represented the cursor, and Fig. 1 
illustrates how these elements were affected 
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Right. 
O% Pursuit 4 1 

25% Pursuit D ' 

50% Pursuit 1 ; 

75% Pursuit 1 R 

100% Pursuit 1 " 


Fic. 1. A representation of display vé 
tions for a step-function input under the: 
display conditions. (The upper line ol 
pair represents the target, while the loy 
represents the cursor element.) 


by the experimental variable in this stu 
the percentage of pursuit component in 
visual display. 

Assume that the control device rej 
fixed; Fig. 1 then shows the effects of 
function input on the elements of the d 
In Fig. 1 the display was 0% pursuit (1 
100% compensatory) and a step-funcl 
input would cause the cursor to move, 
four units to the left while the target ele! 
would remain stationary at its zero 
When the display is 25% pursuit (7596.6 
pensatory) as shown, the same step-fui 
input would displace the cursor 
three units (rather than four units as 
0% pursuit display), but the target el 
would be displaced simultaneously one 
to the right. Thus, the total distance 
tween the two display elements would be 
same: four units. From Fig. 1 it is ap 
that in a 50% pursuit display (50% € 
pensatory) both elements are displaced. 
units—the target to the right, the curso 
the left. In a 75% pursuit display (@ 
compensatory) the same input would d 
the target element three units to the 
while the cursor would be moved 
one unit to the left. Finally, in @ 
pursuit display (0% compensatory | 
ponent) the same input would affect 
the target element, displacing it four W 
to the right. In all conditions, inclu 
latter, the cursor would be deflect 
signals from S’s control device: In M 
pursuit S's control was the only thing 
could affect the cursor, while for the 9 
conditions the difference between .S's CO! 
signal and the input signal moved the cl 
with the influence of the input being 
minished for higher amounts of 
component. P 

Subjects and procedure —One hundi ec 
twenty male undergraduates at Ohio 
University volunteered for service in 
study. None had had prior experience 
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laboratory experiment on tracking and each 
was reimbursed at the rate of $1 per session. 
Each S experienced 30 35-sec. tracking trials 
per day for 2 days. Trials were administered 
in five-trial blocks with a 25-sec. rest between 
trials within blocks and a 1-min. rest between 
blocks. 

In the design of thé experiment there were 
five display conditions defined by the per- 
centage of pursuit component (0%, 25%, 
50%, 7595, and 100%, see Fig. 1). Under 
each display condition two groups of 12 Ss 
each received a total of 40 training trials, 
Following training, one of each pair of groups 
transferred to the 100% pursuit display, 
while the other group in each pair transferred 
to the 0% pursuit (100% compensatory) 
display. Each S received a total of 20 trials 
on the transfer task of his group. "Table 1 
provides a summary of the experimental 
treatments for each group. 

The performance metric recorded by E 
was the integrated absolute value of tracking 
error. Due to the usual initial transients in 
tracking behavior, performance was scored 
over the final 30 sec. of each 35-sec. trial. 
Integrated absolute error was transformed 
later from its original voltage units to a scale 
of linear extent. Thus, the performance 
measure employed here may be interpreted 
as the average deviation of S's error amplitude 
distribution if that distribution were drawn 
to the scale of the visual tracking display. 
‘The metric will be identified as average error 
and millimeter units are employed. 

The S was seated so as to maintain a view- 
ing distance of approximately 2 ft. to the 
tracking display, and the display scale was 
set to restrict the peak-to-peak excursion of 
the input signal to 38 mm. for the maximum 
amplitudes of the signal. 


TABLE 1 


PERCENTAGE OF PURSUIT COMPONENT FOR 
EACH GROUP DURING TRAINING 
AND TRANSFER 


Group Transfer 


coo0-00ER ow 
E 


| 
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RESULTS 


The tracking accuracy levels 
achieved during training and transfer 
are shown in Fig. 2. The training 
sessions show average performance for 
comparable groups (Groups 1 and 6, 
2 and 7, etc., see Table 1). Analyses 
of variance showed no significant 
differences between comparable groups 
during training, p > .05 in each case. 
During transfer, however, analyses of 
variance showed that in every case 
groups trained under the same condi- 
tions (1 vs. 6, 2 vs. 7, etc.) now differed 
at p < .001. 

Training.—lt is apparent from 
visual inspection of Fig. 2 that the 
percentage of pursuit component in 
the display during training had a 
systematic influence on tracking accu- 
racy. As was the case with the data 
of Senders and Cruzen (1952), track- 
ing accuracy decreased as the percent- 
age of pursuit component was de- 
creased. However, unlike the data of 
Senders and Cruzen, the change from 
10095 to 7595 pursuit component 
resulted here in an obvious decrease in 
tracking accuracy. In that earlier 
study there was no difference in track- 
ing accuracy, as revealed by time-on- 
target scores, between the 75% and 
100% pursuit conditions. 

This difference in results can be 
accounted for by reference to a study 
by Bahrick, Fitts, and Briggs (1957). 
There it was demonstrated that the 
use of time-on-target scores can lead 
to scoring artifacts in that such be- 
havioral metrics may be insensitive to 
performance differences for particular 
ranges of skill level. Thus, if Senders 
and Cruzen had selected a more strin- 
gent time-on-target scoring tolerance, 
it might very well have been found 
that performance on the 75% pursuit 
display differed from that with the 
100% pursuit display. Aside from 
this easily explained difference, the 
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Average Error 
Ain mm.) 


Training 


Five-Trial Blocks 


Fic. 2. Training- and transfer-performance levels for all groups. (Scoring is in terms 
of absolute system error.) 


present data confirm those of Senders 
and Cruzen in showing a systematic 
increase in the proficiency of tracking 
performance as the percentage of 
pursuit component in the information 
display is increased from 097. 
Analyses of variance were per- 
formed on the data from Blocks 1-8 
of Fig. 2. The percentage of pursuit 
component variable (between groups) 
resulted in performance differences 
which were significant at p < .001. 
Further, there was a significant 
(5 < .001) improvement in perform- 
ance over the training trials. The 
Duncan multiple comparisons test 
then was applied to the means defining 
average group performance levels 
during training. It was found that all 
acquisition functions of Fig. 2 differed 
significantly one from another at 
b «.05. This supports the visual 
observations mentioned above by 
showing that each of the values of 
percentage of pursuit component in 
the display resulted in a significant 
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difference in tracking-performance 
level. 
Transfer.—Group 10 may be con 
sidered as a control for Groups 6, 7,8 
and 9 which transferred to the 0 
display, while Group 1 is the contro 
for Groups 2, 3, 4, and 5 which 
transferred to the 100% pursui 
condition. Separate analyses of va 
ance were performed for these f 
sets of groups on the transfer data 4 
Fig. 2, and there were no statisti 
significant differences among Groups 
1-5 nor among Groups 6-10 dura 
the transfer trials. It follows ta 
Groups 2-5 and Groups 6-9 all 1 
hibited 100% transfer when compa j 
to the appropriate control gro! 
(Groups 1 and 10, respectively). 
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DISCUSSION 


The above results from the transl 
trials were unexpected: Frankly, it ^ 
been predicted that while between-gron 
differences might decrease from pr. 
to transfer, at least for Groups 1? 


LEARNING AND THE PURSUIT COMPONENT IN TRACKING 


expected the same ordering during 
transfer as found during training. This 
expectation was based on the fact that 
the higher percentage of pursuit displays 
conveyed considerably more information 
to S than do the lower percentage of 
pursuit displays, and it was assumed 
that S would learn more about the task 
as the display condition provided more 
information. 

In the case of a pure pursuit display 
the target provides information from 
which S can determine the amplitude, 
rate, and acceleration characteristics of 
the input and the cursor provides in- 
formation determining comparable char- 
acteristics of the output. However, a 
pure compensatory display shows S 
system error only; thus, the input and 
output signals are confounded and S$ 
observes relatively less information from 
the display. In fact, if S does a perfect 
job with a pure compensatory display, 
he receives very little visual information 
indeed; The cursor becomes aligned with 
the target and there is no movement on 
the display! 

It is apparent from the training trials 
that tracking performance varied di- 
rectly with the availability of informa- 
tion; however, it is equally apparent 
from the transfer trials that Ss in Groups 
1 and 6 learned no more about the task 
than did Ss in Groups 5 and 10. We 
conclude, therefore, that the percentage 
of pursuit component has a significant 
effect on performance but little or no 
differential effect on learning. 

It is interesting to note from the train- 
ing data of Fig. 2 that the effect of the 
percentage of pursuit variable on per- 
formance is not linear. In fact the 
average performance difference between 
the 0% and the 25% pursuit conditions 
is greater than that between the 25% 
and the 100% pursuit conditions. In 
other words, major gains in performance 
over that with a pure compensatory 
display can be obtained with a display of 
relatively little (25%) pursuit com- 
ponent, and while further increments in 
pursuit component can result in more 
improvement, the gains become rela- 
tively less as one approaches a pure 
pursuit condition, 


169 


It is important to recognize that per- 
formance on a pure compensatory display 
can, under certain circumstances, equal 
or exceed that with a pure pursuit dis- 
play: Chernikoff and Taylor (1957) 
found superior performance on a com- 
pensatory display when S tracked an 
ultra-low frequency input (23 + 4$ + 62 
cpm sinusoids) through either rate or 
rate-aided dynamics. In all other cases 
(with higher frequency inputs and/or 
with positional control dynamics) the 
pursuit display was significantly superior. 
Chernikoff and Taylor attribute this 
reversal of the usual order to “‘stimulus- 
response integrity" which resulted from 
the particular combination of an ultra- 
low frequency input and control dy- 
namics. With but one other exception 
(Chernikoff, Birmingham, & ‘Taylor, 
1955) the literature shows that perform- 
ance on a pursuit display is superior 
to that with a compensatory display, 
and this exception, like the task used 
by Chernikoff and Taylor (1957), em- 
ployed special aiding for S and thus 
achieved some degree of stimulus-re- 
sponse integrity. 

A compensatory display has been em- 
ployed in most of the research on track- 
ing skill. The present data indicate that 
whereas previous Es might have obtained 
different (higher) performance levels 
with a pursuit display, it is unlikely that 
the fundamental aspects of skill acquisi- 
tion would have been different. 
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ABSOLUTE THRESHOLD FOR VISUAL SLANT: THE EFFEC 
OF STIMULUS SIZE AND RETINAL PERSPECTIVE! 


ROBERT B. 


Pennsylvania 


Slant thresholds were obtained for 14 sizes of textureless rectangles. 


Threshold slant decreases as a mo: 


Threshold retinal perspective increases as a power function (with an 


exponent of about 1.6) of visual a 
at threshold slant, 


A persistent psychophysical prob- 
lem in the analysis of visual space 
perception is the isolation and meas- 
urement of effective visual stimuli, 
or "cues" (Harper & Boring, 1948), 
for distance and slant (Gibson, 1950; 
Gogel, 1963; Graham, 1951) Of 
these, linear perspective has been 
frequently cited in the literature as 
a potential monocular cue to both 
distance and slant. However, a 
precise specification of linear per- 
spective as a retinal cue has been 
lacking, with the result that little 
experimental information is available 
on this important monocular stimulus 
(but cf. Clark, Smith, & Rabe, 1955). 
In an earlier study (Freeman, 1966a) 
two possible algebraic definitions of 
retinal perspective were given. Ac- 
cording to either of these, perspective 
varies with the size as well as physical 
slant of plane, outline rectangles. 
Using a matching technique, it was 
‘shown that visual slant is strongly 
and significantly influenced by the 
size, as well as physical slant, of the 
standard rectangle, confirming the 
expectation that perspective is a cue 
to slant. 

Af perspective is the effective retinal 
stimulus for slant, then the absolute 
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notonic, decelerating function of size. 


ngle subtense of the slanted rectangle 


threshold for slant should assumej 
value at which retinal perspective i 
at threshold. If the physical sized 
the stimulus rectangle is varied, il 
slant at threshold must also vai 
accordingly, so as to leave the per 
spective threshold either constant, 0 
at least specifiable in terms of some 
simple function of some other know 
correlate of visual acuity. It is 

purpose of the following report b: 
determine the manner in which si 
affects visual judgments of slant a 
threshold. The threshold of physi 
slant, defined as the degrees of slail 
from the frontoparallel plane (fW 
ward or backward) required for a 784 
correct response, may then be Cl 
verted algebraically into a threshol 
for retinal perspective. Under the Y 
ditions of this experiment, threshol 
perspective was the relevant psy”? 
physical value to be obtained, sin 
other possible cues to slant, such? 
texture, reflectance, retinal disp 
and motion parallax were elimina! 
experimentally. Finally, the Vat 
tion in perspective threshold wA 
evaluated as a function of the he 
of the visual image at threshold. 


METHOD 


Apparalus.—The apparatus used wt 
experiment represents a minor variation 
one described and illustrated in a previ 
report (Freeman, 1966a). It consists S 
of a single light box in which is mount 
frame which can be rotated about a hori 


170 


VISUAL SLANT, STIMULUS SIZE, AND RETINAL PERSPECTIVE 


axis through its center. A cradle is centered 
in the frame so as to receive a sheet of single- 
strength glass, whose first surface was posi- 
tioned exactly in the axis of rotation of the 
frame. The near surface of the glass was 
painted with flat-black paint to render it 
opaque, and 1 of 14 rectangles of different 
sizes scraped out of the paint. All rectangles 
had a common height-to-width ratio of 4:3. 
The linear and angular heights of each of the 
14 rectangles used are shown in Table 1. To 
the rear of the mask was a flashed opal screen 
backlighted by a bank of General Electric 
T-w. bulbs. The frame, and the painted 
mask lying in it, could be positioned at any 
angle from +85° (backward) to —85° (for- 
ward) at 1? intervals. Precautions, described 
in the earlier article, were taken to prevent all 
light, other than that passed through the 
rectangular mask, from entering S’s eye. 
The luminance of the stimulus rectangle at 
0° was approximately 1 footlambert (ftl.), 
decreasing somewhat with increasing slant 
beyond +40°. Exposure time was 1 sec, 
Subjecs.—Each of 42 university under- 
graduates from an introductory psychology 
course served for 5 hr. in the group experi- 
ment. A threshold was obtained on only 1 
of the 14 stimulus rectangles for each S, three 
Ss per rectangle. In addition, an under- 
graduate woman (MyH) volunteered to serve 
for 30 hr. and was tested for 5 hr. on each 
of six of the rectangles. All S's had normal 
vision, with or without correction. 
Procedure.—The .S's dominant eye was 
positioned at a 4-mm. viewing hole and 
steadied with a chin rest, Eye dominance was 
determined by instructing S to look through 
the viewing hole with either eye, and noting 
which eye he used. For each stimulus ex- 
posure, the rectangular mask, whose axis of 
rotation was 135 cm. from the viewing hole, 


TABLE 1 


LINEAR AND VISUAL ANGLE HEIGHT OF 
STIMULUS RECTANGLES WHEN POSITIONED. 
IN THE FRONTOPARALLEL PLANE 


Hx | wer | ux | xe 
ei; it 

(em) | Hehe (e) Height 

1 0°25’ 16 6°47’ 

2 0°51’ 20 8°28" 

4 1°42’ 24 10°10’ 

6 2°33’ 28 11°50’ 

8 3°24 32 13°31’ 

10 4°15! 36 15°11’ 

12 5?5' 40 16°51’ 
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was positioned at 1 of 35 slants at 5° intervals 
from —85° to +85° according to the method 
of constant stimuli. The task of S was to 
report, by pushing the appropriate one of 
two buttons, whether the slant of the rec- 
tangle was backwards (+) or forwards (—). 
For the purposes of analysis, only the “+” 
responses were evaluated. All 35 slants were 
exposed randomly according to a predeter- 
mined order before a slant was repeated. 
Over the 5 hr. of testing, each of the 35 slants 
was exposed 50 times, yielding a psycho- 
physical function relating number of judg- 
ments of “backwards” to physical slant. 


RESULTS 


Threshold for slant.—The frequency 
of “+” judgments as a function of 
stimulus slant was fitted, by the 
method of least squares using Müller- 
Urban weights, with a normal ogive. 
The mean (M) and probable error 
(PE) of the fitted ogive were obtained 
as measures of the apparent frontal 
plane and absolute threshold, respec- 
tively. Since the PE is obtained from 
both forward and backward slants, 
the slant threshold represents an 
average of two thresholds: the thresh- 
old for forward slant, and the thresh- 
old for backward slant. Due to the 
variability of responses at extreme 
slants, data were omitted from the 
threshold determination which were 
obtained from slants more negative 
than that to which either 0 or 1 +, or 
more positive than that to which 
either 49 or 50 +’s were given. 

The averaged response distributions 
of the three Ss tested with each of the 
rectangles in the group experiment 
are shown, together with fitted ogive, 
in Fig. 1. The figure shows that the 
PEs of the smallest two stimuli exceed 
the theoretical and practical limit of 
90? to which the stimulus can be 
slanted. However, as stimulus size 
increases, PE decreases rapidly as 
expected. The results and fitted 
ogives obtained from S MyH are 
plotted in Fig. 2 for each of the six 


MEAN NUMBER OF “+” JUDGMENTS 


SLANT OF STIMULUS RECTANGLE (DEGREES) 


A iment. 
Fic. 1. Mean distribution of “+” judgments and fitted ogives for the group experimen! 


stimulus sizes used. Again, a mono- 
tonic decrease in PE was obtained as 
stimulus size increased. 

The individual PEs of the response 
distributions for both the group Ss 
and S MyH have been plotted in 
Fig. 3 as a function of rectangle size, 
for each of the rectangles except for 
the 1-cm. and 2-cm. sizes, for which 
threshold values were unobtainable. 
As indicated in Fig. 3, the slant 
threshold (0;) decreases as a negatively 
accelerating function of size, reaching 
very low values for some of the larger 
stimuli. 

The threshold for perspective (5,) 
was then obtained from 0, by means 
of the following identity: 
9, = arctan 


24a? sin 6, 
uU Matsin$y A aE 
162 — a*(9 — 16855; Lil 
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where à, is one half the visual ang 
difference between the nearer 2 
farther edge of the rectangle at thres! 
old slant, a one half the height of F 
rectangle, c the distance of the i 
tangle from S's eye (135 cm.), an i 
threshold slant. Equation 1 1s $i E 
able for the specification of ret? 
perspective in stimuli whose hel i 
(2a) and width (2d) vary proportio $ 
ately, and where 3a = 4d. 
general equation for stimulus E 
tangles whose height and width M 
independently is given in Freem^ 
1966b, Appendix, Equation 13. j 
The obtained ô; for 36 of the 4 
in the group experiment and the 
values for MyH are plotted toge 
in Fig. 4 as a function of the 1 
angle height (a;) of the image ® |. 
slanted rectangle at threshold. 
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40T dcm. 4 
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PE + 397,0* 


M**60* 
PE +10,9° 


Ment ] 
+ REUS ] 


NUMBER OF "4^ JUDGMENTS 
+ 


-80-60-30 0 30 60680 -80-60-30 0 30 6080 
SLANT OF STIMULUS RECTANGLE (DEGREES) 


Fic. 2. Distribution of “+” judgments 
and fitted ogives for S MyH. 


value is obtained from the identity 


[2] 


2 ac cos 6, 
a, = arctan —, —,- 
e—a 


where o, is the visual angle of the 
vertical dimension of the stimulus 
rectangle at threshold. The plotting 
of à, as a function of a, in Fig. 4 
represents a conversion of the thresh- 
old values of physical slant shown in 
Fig. 3 into quantities descriptive of 
the condition of the “trapezoidal” 
retinal image at threshold slant. That 


? For a derivation of retinal perspective (5) 
and visual angle height (a), see Freeman 
(1966b, Appendix). 
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ô: increases with a, is to be expected 
since a, is a correlate of the retinal 
separation of the projected locus of 
the nearer and farther edges of the 
slanted rectangle. The variation of 6, 
with a; was fitted for the group and 
for MyH separately as indicated in 
Fig. 4. The power functions given in 
Fig. 4 were obtained empirically by 
means of a least-squares solution for 
the best-fitting straight line for a 
logarithmic transformation of the ob- 
tained values of à, and a (both ex- 
pressed in minutes of arc). The 
additive constants 0.7167’ (43"), for 
the group, and 0.9167' (55"), for S 
MyH, were obtained by visual ap- 
proximation. Theobtained exponents 
of 1.69 and 1.51 indicate a satisfactory 
comparability of the results of the 
group experiment with tlie results 
obtained from the single S MyH. 

For each target size, there exists a 
function relating 8, to o, which de- 
pends solely upon target geometry. 
Portions of this function, which may 
be called the perspective locus, are 


50- 


2 
e---e- 


SLANT THRESHOLD ( DEGREES) 


"4 8 2 (6 20 24 28 32 36 40 
HEIGHT OF STIMULUS RECTANGLE (CM) 


Fic. 3. Threshold slant (6;) as a function 
of stimulus-rectangle size, (For the method 
used in obtaining the fitted curves, see the 
text. The asterisk indicates that a threshold 
within the theoretical and practical limit of 
90? was not obtained for the 1- and 2-cm. 
stimuli.) 
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Fic. 4. Threshold retinal perspective (3j) as a function of threshold visual angie 
retinal image (a). (The fitted constants were obtained with 3, and a, expressi 
) 


of arc. 


shown in Fig. 4 for each of the rec- 
tangles for which a threshold was 
determinable. Experimental results 
for all Ss must, of course, fall on the 
perspective locus for the stimulus rec- 
tangles on which they were tested. 
The intersection points of each of 
these functions with the least-squares 
curves in Fig. 4 were used to compute 
the curves plotted through the data 
in Fig. 3. 

Apparent frontal plane—Since ô = 0 
when @ = 0, it was expected that the 
apparent frontal plane would be found 
at @ = 0. However, it was found that 
33 of the 42 psychometric means were 
positive. As there does not appear 
to be a consistent trend in the indi- 
vidual means as a function of stimulus 


size, the median of all 42 means of 
psychometric functions in the gro 
experiment was obtained. Its k 
was 3.55?, which, when c 
with the normal approximation 1 
sign test, was found to be significé r 
greater than 0° (z = 4.5, p = 
A statistical test was not run 0n" 
psychometric means for 5 MyH. ' 


Discussion 


The purpose of the research ia 
in this paper has been twofold: d 
develop a technique for the measu i 
of the threshold for slant; and Gi 
obtain from the experimentally o 
threshold value a quantity, in t 
visual angle, which may be taken Kk. 
threshold value of retinal pers? 
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The obtained threshold perspective of a 
little less than 1^ of arc for the 4-, 6-, 8-, 
and 10-cm. rectangles corresponds well 
with minimum thresholds for visual 
resolution obtained for a number of dif- 
ferent visual tasks (Graham, 1951). 
Furthermore the increase in 6; with in- 
crease in threshold angular separation 
(oj) is to be expected on the basis of the 
known decrease in stereoacuity with 
angular separation of stimulus objects 
(Matsubayashi, 1937). In earlier papers 
(Freeman, 1966a, 1966b), however, it 
was shown that there are at least two 
alternative specifications of retinal per- 
spective: the "slope" of the sides of the 
retinal image, which is specified by the 
angles which the sides of the image form 
with its bases (7); or the total visual 
angle difference between the projective 
length of the nearer and farther edge of 
the slanted rectangle (8). If threshold 
slant were dependent upon threshold 
perspective evaluated using m, then m: 
would necessarily be invariant with 
variation of rectangle size. If v, were 
invariant, the function relating 0, to a 
as stimulus size varies would be linear 
(exponent equal to 1) with a multi- 
plicative coefficient determined by the 
units of measurement and threshold, r. 
However, the obtained exponents of 1.69 
and 1.51 in the present experiment 
clearly indicate an accelerating function, 
while the very small multiplicative coeffi- 
cients shown in Fig. 4 indicate how little 
influenced 8, is by as. Thus slant thresh- 
old appears to be dependent upon the 
just discriminable retinal angle difference 
(8;) between the projective length of the 
nearer and farther edges of the slanted 
rectangle. It must, of course, also be 
assumed that 6 is affected by other 
variables, such as exposure time, retinal 
illuminance, and adaptation, which have 
been shown to influence visual acuity in 
other stimulus dimensions (cf. Graham, 
1951). 

In addition to measured retinal per- 
spective, another potential cue for the 
perception of slant is the ratio of major- 
to-minor axis of the stimulus image. 
This ratio varies with slant in the 
smallest stimuli as well as the largest 
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and is, in fact, virtually independent of 
the size of rectangles of constant shape 
(Freeman, 1966b). However, in the 
present experiment, a threshold was not 
achieved for the 1- and 2-cm. stimuli. 
These results support the interpretation 
that the major-minor axis ratio is in- 
effective in the discrimination of the 
direction of slant when perspective is 
absent, although it may be partially 
effective in determining the amount of 
visual slant when other cues, either of 
texture gradients or external stimuli, 
indicate direction of slant. The ineffec- 
tiveness of the visual-angle, major-minor 
axis ratio as an independent cue to slant 
was supported by another experiment 
(Freeman, 1965) in which an attempt 
was made to obtain slant thresholds in 
21 Ss using seven sizes of circular stimuli 
whose diameters ranged from 3 to 30 
cm. Because of the absence of visual 
perspective in the projective image of a 
slanted circle, a measurable threshold 
was not obtainable in any of the Ss 
tested. 

Finally, the results of this research 
have indirect bearing on the potential 
role of surface gradients in slant percep- 
tion. Recent research by Smith (1964) 
indicates that, although "outline. con- 
vergence" has a marked and reliable 
effect on visual slant, surface gradients 
do not. Smith's results, together with 
the present findings of very small slant 
thresholds for the larger stimuli, even 
without surface texture gradients, sup- 
port the assumption of the relative 
dominance of the outline perspective cue 
to visual slant. 

An incidental finding of the experi- 
ment was that the median apparent 
frontoparallel plane in the group experi- 
ment was +3.55°, or significantly more 
positive than zero. This result is not 
attributable to error of measurement, as 
the errors of settings of the apparatus 
relative to S's eye were less than 1°. 
There are two possible explanations. 
One possibility is that the average S had 
a response tendency to push the — 
button more often than the + button. 
On the other hand, the effect may be at- 
tributable to Ss’ adaptation to retinal 
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perspective generated by primarily posi- 
tively slanted surfaces lying below the 
position of the eye in their typical visual 
environment (e.g. surfaces of tables, 
floors, roads). It is then conceivable 
that a long-term, extraexperimental, 
positive adaptation level, or null point, 
for slant had been established which was 
responsible for the positive slant of the 
visual frontoparallel plane found in this 
experiment (cf. Helson, 1964). What- 
ever the explanation, the determination 
of slant thresholds represents a potenti- 
ally useful experimental technique for 
the study of visual slant cues. 
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SOME EFFECTS OF CONTEXT ON THE SLOPE 


IN MAGNITUDE ESTIMATION ! 


F. NOWELL JONES AND MORRIS J. WOSKOW 


Magnitude estimates of the loudness of 1000-cps tones were obtained 
under 18 different conditions; i.e., all possible combinations of (a) high, 
medium, or low standard stimulus, (b) high, medium, or low sets of com- 
parison stimuli, and (c) presence or absence of the standard stimulus 
before each judgment. -10 Ss served in each condition. Curves of the 
form y = al^ were fitted to the average data for each of the 18 condi- 
tions. The coefficients are not of central interest, but there are signifi- 
cant effects upon the exponents which represent genuine contextual 
effects. Inspection of the exponents indicates that slopes are least 
when the remoteness of the standard is such as to extend the apparent 
subjective scale, greatest where S does not have experience with more 
than a limited range. This result is compatible with known effects of 
therange. The results are explainable as due to S's tendency to apply 
the same range of numerals to whatever physical range is presented. 
A change in subjective 0 is also a possible explanation. It must also be 
pointed out that the context effects seem less severe than in, e.g., the 
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method of bisection. 


That the context within which 
judgments are made should affect 
them astonishes hardly anyone. But 
a systematic study of the effects of 
varying contexts is another matter 
and may yield interesting insights 
into the processes of judgment. Work 
on adaptation level is a case in point, 
and in Helson's hands has resulted in 
a fairly general theory (cf. Helson, 
1964).  Parduccis (1963) recent 
monograph illustrates the amount of 
_ information that can be extracted 

from the study of essentially con- 
textual variables. 

Magnitude estimation, as a tech- 
nique, has been a valuable tool. 
There is no doubt that a wide variety 
of continua yields judgments cor- 
responding to the “power law" to a 
first approximation. It appears so 
far that the responses obtained by the 
-method of magnitude estimation are 
fairly stable, although some con- 
textually determined changes have 


1 This work was supported by Grant G- 
14260 from the National Science Foundation. 
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been noted, especially changes in form 
with alternation of either midpoint or 
median of the stimuli (Parducci, 
1963) and changes in slope with an 
alteration. of the range of stimuli 
(Ekman, Frankenhaeuser, Levander, 
& Mellis, 1964). Nevertheless; the 
dramatic alterations in “half-loud- 
ness" judgments reported by Garner 
(1954), and the relative stability of 
constant-sum judgments, favored by 
Engen and Levy (1958), suggest a 
further investigation of contextual 
variables, partly to increase—or de- 
crease—our faith in the stability of 
the method, and partly to find clues 
from the contextual changes, if any, 
which might lead to the better under- 
standing of the psychological tasks 
involved. 


METHOD 


In a very general sense, Garner's (1954) 
auditory context experiment was adapted to 
the method of magnitude estimation and 
considerably extended. In Garner's case Ss 
were required to choose a 1000-cps tone half 
as loud as the given standard. Different 
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groups of Ss were presented clusters of tones 
of different absolute intensity level from 
among which to choose. In the present case 
judged loudness of 1000-cps tones was still 
the dependent variable, but additional in- 
dependent variables were used. Each of three 
sets of comparison stimuli were judged in 
terms of three levels of standard stimulus. 
Standard stimuli were presented before each 
judgment for one half the Ss but only three 
times at the beginning for the other half. 
"There were thus 3 X 3 X 2 — 18 conditions, 
with 10 Ss being assigned to each, a total 
of 180. The three standard stimuli were 90 
db. (H), 70 db. (M), and 50 db. (L), referred 
to .002 dynes/cm*, at 1000 cps. The three 
sets of comparison stimuli ranged, by 2-db. 
steps, from 75 through 85 db. (H), from 65 
through 75 db. (M), and from 55 through 65 
db. (L). The tones were passed through a 
1000-cps band-pass filter and presented to S 
through calibrated? earphones; they were of 
approximately 1-sec. duration. 

The Ss were students in the beginning 
course in psychology and were presumably 
naive with respect to the experiment. The 
usual magnitude-estimation instructions were 
used, with the standard stimulus designated 
as 100 (cf. Stevens, 1956). Each S completed 
6 judgments of each comparison stimulus 
(i.e., 36 judgments) in one sitting. Assign- 
ment to groups was by order of appearance, 
The order of six comparison stimuli within a 
set may be described as three balanced ran- 
dom orders. 


RESULTS 


For reasons presented elsewhere 
(Jones & Marcus, 1961), responses 
were converted to logarithms before 
averaging. To increase the stability 
of the data, the analyses to be reported 
are based on the last four of the six 
judgments at each data point. Within 
each of the 18 groups the results were 
averaged across Ss, and the best- 
fitting curves of the form log y 
= log a + blog I were obtained by the 
use of an IBM 7090 computer.? 

The coefficients (a values or inter- 


?Dixon Ward kindly performed these 
calibrations. 

* The computations were ormed 
University of California, an) vi es 
puting facility. 
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cepts) and exponents (b values or 
slopes) are to be found in Table 12 
Analyses of variance were performed 
upon the coefficients and exponents 
separately. The intensity of the 
standard tones significantly affected 
coefficients, F (2, 162) = 7.13, and 
exponents, F (2,162) = 3.61, as did 
the interaction between standard and 
comparison tones, for coefficients, 
F (4, 162) = 6.54, for exponents; 
F (4,162) = 6.71. No other main 
effect or interaction was significant, 


DISCUSSION 


The results of the analysis of coeff 
cients may be disposed of fairly briefly: 
That the intensity of the standard and 
the interaction of this variable with the 
level of the comparison stimuli should 
show significant effects reflects at least 
in large part an inevitable result of 
calling the different standards by the 
same number, 100, no matter whi h 
group of comparison stimuli was being 
used. That the effect of presence 0f 
absence of the standard was not signili- 
cant is testimony to the stability of the 
method, although there appears to be? 
small tendency to regress toward the 
extreme average judgments when the 
standard is not always present. 

Changes in exponents are of momi 
interest, since a change in slope of ui 
power function indicates a change 10 V. 
ratio relationship between stimulus am 
reported magnitude. Both the malt 
effect of the intensity of the stand 
stimulus and the interaction of this te 
with the comparison series are significa’ 

Reference to Table 1 will help mèt 
sense of the various slopes. Withouti 
exception, the inclusion of a remos 
standard reduces the slope. That this? 
significant is indicated by the significat 
interaction between standard and | 
parison set. A possible way of accout 
ing for the changes in slope is in he 
shifts in subjective zero, as sugges 
Eisler (1963) in another context: 
ponents may be adjusted by subtract 
the proper terms from the inten 


CONTEXT IN MAGNITUDE ESTIMATION 


TABLE 1 


COEFFICIENTS (a) AND Exponents (b) of 
Power Functions FITTED TO Last Four 
JUDGMENTS IN EACH CONDITION, 
STANDARD PRESENT AND 
STANDARD ABSENT 
COMBINED 


Comparison Series 


Standard High Medium Low 
a b a b a b 
High .02 | .46 | .22 | .31 | .62 | .26 
Medium | .32 | .33 | .36 | .50 | .10 | .44 
Low .59.| .32 | .21 | .37 | .28 | .39 


measure, i.e. the function becomes 
V =a(I — L)*, where I, is found for 
each set of data separately. Thus, if 
the addition of a high standard in the 
case of a low comparison set reduces the 
slope, it would indicate a lowering of 
subjective zero, hence a large remainder 
for the term J — J,. If the addition of 
a low standard reduces the slope for a 
high comparison set, it indicates an effect 
upon subjective zero in precisely the same 
direction, although not necessarily to the 
same amount. In addition to changes 
in slope, the adjustment of the zero will, 
of course, affect the goodness of fit of 
the data to a power function, but this 
effect will be noticed primarily at the 
lower end of the curve. For example, 
log-log plots of the magnitude estimates 
obtained by Eisler and Ottander (1963) 
for angular velocity in their study of 
“hysteresis,” show that much, perhaps 
most, of the obtained curvilinearity is 
accounted for by the two lowest points 
of their ascending series, and it is these 
points which are most affected by the 
“correction” of subjective zero. 

Since the above type of explanation is 
post hoc, we may reasonably ask why 
changes in apparent subjective zero 
should occur. In the case of hysteresis 
(cf. Eisler & Ottander, 1963) a possible 
explanation lies in the fact that a given 
stimulus, except when the first in a 
series, must always be judged against a 
higher adaptation level when part of a 
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descending order than when it is part of 
an ascending order. Coupled with the 
well-known negative aftereffect of visual 
movement, this consideration makes a 
genuine "adaptation" explanation de- 
fensible. In our case, however, an ex- 
planation in terms of a response bias on 
the part of S is perhaps more attractive. 
The argument runs as follows: A given 
S has a characteristic range of numbers 
which he tends to assign to whatever 
range of stimuli is presented. This ex- 
planation fits the observation that sets 
of stimuli of restricted range (Ekman 
et al., 1964) tend to yield larger ex- 
ponents than those obtained from the 
complete range—spreading the same set 
of numbers over a smaller stimulus range 
yields a steeper slope. It is also com- 
patible with the close correspondence be- 
tween physical dynamic range and 
exponent obtained from different mo- 
dalities, (rho = .93 for the exponents in 
Stevens, 1960), and it is the only obvious 
explanation for the positive correlation 
between the exponents Ss give for loud- 
ness and for pitch (Jones & Woskow, 
1962). In our experiment, the magnitude 
of the standard affects the range over 
which S must distribute his numbers— 
hence, the addition of a more remote 
standard reduces the obtained exponent 
in the same way that an increase in range 
of stimuli would do so, That this same 
bias extends to other response measures, 
e.g., handgrip, is suggested by the cor- 
respondence of the relative exponents 
obtained by the two methods (cf. 
Stevens, 1960). Our results are also 
compatible with those of Fillenbaum 
(1963), who prefers to attribute his 
effects to semantic bias. 

Despite the significant context effects 
found, magnitude estimation in this 
situation has shown itself to be fairly 
robust, as is the constant-sum method 
(Engen & Levy, 1958). Perhaps this is 
partly due to the use of a modality for 
whose dynamic range Ss have reasonable 
familiarity so that they bring to the 
experiment some conception of the total 
range. As a partial test of this sugges- 
tion, we have compared exponents based 
on all six judgments at each point with 
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those based on only the last four. We 
find that there has been a drift toward 
a slightly increased slope in all but the 
middle standard—middle comparison 
case (where the drift is zero). This re- 
sult implies a reduction in the effect of 
past experience with the dynamic range 
of loudness and an increasing dependence 
on the dynamic range of the stimulus 
set itself. That the drift is small sug- 
gests the relatively greater importance 
of past experience as compared with the 
limited experience in the experiment. 
Different stimulus dimensions will prob- 
ably show different relative importances 
of past and immediate experiences, a 
point for further investigation. 
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FACILITATION OF PERFORMANCE THROUGH THE USE 
OF THE TIMING SYSTEM ! 


STUART J. DIMOND 
Trinity College, Dublin 


2 tasks were performed continuously and simultaneously. The tem- 
poral distribution of signals on 1 task was varied, so that the signals were 


either regular or irregular. 


The Ss after some delay came eventually 


to appreciate the signal regularity, and RT performance improved. At 
the same time, this improvement on 1 task was reflected in considerable 
improvement on another task performed simultaneously, which could 
not be explained solely in terms of decreased response latency. 


Bartlett (1943) pointed to the 
importance of timing in skilled per- 
formance. He showed that actions 
are largely disruptive in their effects 
if they are performed at the wrong 
time. This is not only true of the 
traditional skilled response studied 
by Bartlett but also of the responses 
of "attention," which may be equally 
disruptive in their effect if made at the 
wrong time, James (1890). Attention 
need not depend on overt response, it 
may occur as Broadbent (1958) has 
supposed through the operation of a 
perceptual filter which ensures that 
not only is the correct channel moni- 
tored, but that it is monitored at the 
correct time. If several signal sources 
on a complex task are monitored by 
fluctuation of a perceptual filter be- 
tween the sources, information may 
be lost because the filter may be 
directed for much of the time at 
sources which are silent and contain 
no information, whereas at the same 
time information may appear at other 
Sources to which the filter is not 
directed. It was predicted that if Ss 
were provided with two tasks having 
Separate signal sources, a reduction 
in time uncertainty on one task would 
not only allow the facilitation of 


1I am greatly indebted to Stephen Griew 
of the University of Otago, for his invaluable 
help in the preparation of this paper. 


performance on that task, but a 
similar improvement should also occur 
on an additional task performed 
simultaneously because the tasks may 
now be monitored at those moments 
when they become active, the need 
for continuous monitoring of both 
tasks is relieved, and the perceptual 
load is most effectively distributed. 


METHOD 


An RT method was used. The Ss reacted 
to two signal series: one regular and the other 
irregular. The measure of anticipatory be- 
havior was the difference in RT to these two 
signal series. The effect of anticipatory be- 
havior was measured in terms of the interfer- 
ence which reaction to each signal series 
produced on the simultaneous performance 
of an additional task. 

Apparatus.—The Ss were required to react 
to visual signals provided by a neon bulb 
placed about 12 in. in front of them. A 
chronotron provided a measure of the interval 
from the onset of the signal from an automatic 
programmer to the release of a platform on 
which S rested his hand. The additional 
tactual task consisted of six keys. Each key 
was attached to the arm of a large relay, so 
that in fact it was hinged. The keys normally 
held a horizontal position. When the relay 
was switched off, the key rose, and §’s task 
was to depress the key so that it again as- 
sumed the horizontal position. The keys were 
not visible to S as the whole unit was enclosed 
in aluminum casing. 

Procedure.—Twenty male and female 
undergraduates aged between 18 and 23 were 
used as Ss. They were divided into two 
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groups. Both groups received signals on the 
tactual task presented in a random distribu- 
tion in time, and to the keys, at the rate of 60 
signals a minute. In addition, one group 
received regular signals on the RT task, at 
the rate of 10 signals a minute. The other 
group received irregular signals presented at 
the same rate, the largest intersignal interval 
being 10 sec., and the shortest 4 sec. 


RESULTS 


A significant difference in RT to 
regular and irregular signals emerged 
before the end of the experiment. 
Figure 1 shows that this difference 
occurs after 6 min. of performance. 
This difference became significant 
after 9 min. (¢ = 344, p = .05). 

The number of signals missed on the 
tactual task were noted and the num- 
ber of these omissions per minute in 
each condition were compared. These 
results are presented in Fig. 2. For 
the first 4 or 5 min., there was no 
significant difference in performance 
between the conditions, but from then 
on, more omissions occurred when 
signals on the RT task were irregular, 
than when they were regular. This 
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Fic. 1. RT to regular and irregular signals 
while performing an additional task. 
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Fic. 2. Tactual task score in relation to 
signal regularity on the RT task. 


difference proved to be significant 
after the ninth minute (¢ = 2.405, 
P = .05), which is exactly the point 
where significant anticipatory be- 
havior was observed on the RT task. 
A number of long RTs were observed 
(RT > 1 sec). Their number in- 
creased as the experiment progressed 
until 6 min. had elapsed, from then on 
their number remains fairly stable 
(Fig. 3). 


5 


IRREGULAR SIGNALS 
REGULAR 


SIGNALS 


RTS LONGER THAN | SEC. 


2 4 6 8 10 12 14 
MINUTES PERFORMANCE 


Fic. 3. Total number of RTs longer than 
1 sec. for each minute of performance. 
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Discussion 


As in the work on time uncertainty in 
simple RT by Mowrer (1940), Poulton 
(1950), and Klemmer (1956), and in the 
work on choice RT of Bertelson and 
Boons (1960), the quickening of RT 
to regular signals can be said to represent 
the activity of a system which is able to 
distinguish the time characteristics of a 
task, and to use them to produce con- 
siderable improvement in performance, 
for now response matches the signal 
series more closely. It would seem that 
the duration of each signal interval is 
observed and then represented in the 
memory. Since the shortest average 
interval was 6 sec. it seems unlikely that 
short-term memory could be used for 
this function, but it is supposed that like 
short-term memory there is a certain 
range over which the memory store for 
intervals operates, and that as the task 
moves forward in time, so fresh in- 
formation is incorporated and past 
information loses its power to mold per- 
formance. The S is far more able to 
perform an additional task when signal 
regularity has been appreciated, for now 
less demand is placed on his resources. 
When the signals on the RT task are 
irregular, it is impossible to predict the 
exact moment at which a signal will 
occur, with the result that monitor- 
ing of both the tasks must proceed 
continuously, even if this involves as 
Broadbent supposes, the rapid switch- 
ing of attention from one task to the 


other. In this case information may be 
lost as attention may well be directed 
towards a source which contains no 
information, whereas information may 
arrive meanwhile at sources towards 
which the attention is not directed. The 
appreciation of signal regularity allows 
a sensory channel to be in an optimum 
state to receive a signal. The eyes will 
be looking at the signal source, the ears 
will be in a position to hear most effi- 
ciently, interference from other signals 
may be reduced to a minimum, and the 
channel will be maintained in a state 
of readiness to receive the message. 
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COGNITIVE FACTORS IN IMPAIRMENT: A 
NEUROPSYCHOLOGICAL STUDY 
OF DIVIDED SET?! 


ROBERT B. MALMO? 
Allan Memorial Institute, McGill University 


42 Ss tracking manually but expecting to shift from single (manual) to 
double (manual and pedal) tracking later in the trial, did not track as 
well as they did with unified set, expecting to continue with manual 
tracking all through the trial, This poorer tracking under the condition 
of divided set was not accompanied, however, by any reliable physio- 
logical changes (quantified EEG in 3 frequency bands, action potentials 
from 5 muscles, heart rate, respiration, and palmar conductance). That 
this absence of differences in the physiological measures was not due to 
their insensitivity was demonstrated in a control comparison in which 
highly significant physiological differences were obtained under condi- 
tions in which the performance difference very closely approximated 
that found in the comparison between divided and unified set. It was 
concluded that the performance decrement under the condition of 


divided set was unrelated to change in physiological activation. 


Divided set has been found to 
impair performance. For example, 
Mowrer, Rayman, and Bliss (1940) 
found that if Ss were instructed to 
make a simple finger-withdrawal re- 
sponse as quickly as possible whenever 
either a light or a tone was presented 
(divided set), reaction time (RT) was 
significantly slower than when Ss 
were told that they could expect only 
the tone (unified set). 

Mowrer et al. (1940) referred in a 
very general way to central mech- 
anisms underlying this phenomenon. 


1 This research was aided in part by grants 
from the Defence Research Board and the 
National Research Council of Canada, and 
from the National Institute of Mental Health 
(United States Public Health Service), and 
by a contract with the Surgeon General's 
Office of the United States Army. 

* I am especially indebted to W. J. Mundi, 
chief technical assistant, for apparatus con- 
struction and maintenance, and for operation 
of equipment during data taking. Thanks 
are also due to John Gibson and Irene 
Anderson. During data taking John Gibson 
handled a very taxing job with skill and tact. 
Irene Anderson assisted with the statistical 
analyses. To Rogers Elliott I owe a debt of 
gratitude for his criticism of the manuscript. 


In recent years developments in 
neurophysiology and in related neuro- 
psychological theory have made it 
possible to specify in greater detail 
the kinds of central changes that 
conceivably might underlie the ob- 
served impairment associated with 
divided set. In broad outline, the 
alternative neural schemata applicable 
here appear to be (a) of the activation 
(or arousal) kind (see Malmo, 1959, 
P- 369), or (b) of some other (“cog- 
nitive”) kind, not depending in any 
way on some change in the activity 
of the “arousal system." 

If the performance decrement in 
divided set is to be accounted for at 
least in part by change in level of 
activation, then according to argu- 
ments previously advanced (Malmo, 
1959, 1963), the performance decre- 
ment should be accompanied by meas- 
urable physiological changes. On the 
other hand, if physiological indicants 
of proved sensitivity in differentiating 
between conditions known to differ in 
activation level, fail to differentiate 
between the conditions of unified and 
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divided set, it would appear reason- 
able to rule out activation in account- 
ing for any performance decrement 
found under these conditions. 

In terms of Hebbian neural schema, 
impaired performance in the divided- 
set condition could be explained as an 
efficiency loss from two phase se- 
quences (one for the ongoing task, 
one for the expected task) competing 
for motor facilitation. This kind of 
impairment would not depend on a 
change in activation level, although 
the occurrence of incompatible phase 
sequences is, of course, a situation 
that could itself lead to emotional 
reaction with accompanying physio- 
logical changes (cf. Hebb, 1949, 
p.148). If indeed there is a perform- 
ance decrement unrelated to activa- 
tion change its demonstration would 
appear to depend largely on producing 
it in a way that does not lead to such 
gross incompatibility or conflict of re- 
sponse mechanisms. In other words, 
the impairment in performance would 
have to be relatively slight. 

The experiment to be reported was 
designed to compare physiological 
levels under the conditions of unified 
and divided set. Control conditions 
were provided for assessing the sensi- 
tivity of the physiological measures. 


METHODS 
Subjects 


The Ss were 42 young males in the Royal 
Canadian Navy? ranging in age from 17 to 31 
yr., the median age being 19. 


Apparatus 

Tracking  apparatus.—Complete descrip- 
tion of the apparatus used is available else- 
where (Davis & Mundl, 1964), and the parts 
of the apparatus and the instrument settings 
employed in this particular experiment are 
indicated by Davis and Mundl in their 


3'The splendid cooperation and very con- 
siderable help of these men and of the Naval 
Officers who assisted in making the arrange- 
ments are gratefully acknowledged. 
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article. The task is “null-point” tracking, 
i.e., a continuously moving point of no sound 
(or null point) tracked by means of a hand 
wheel, and a continuously moving point of 
no vibration (from vibrators on the chest) 
tracked by means of a foot pedal. To permit 
EEG recording with eyes closed, no visual 
task was employed. Hand tracking consisted 
in simple rotation of the wheel counterclock- 
wise from a resting position until a stop was 
reached, and return in clockwise direction to 
the starting point. Errors consisted entirely 
in departure from the “correct” rate of 
rotation, and they were recorded graphically 
by integrators as distance off target (DOT) 
in degrees and time off target (TOT) in 
seconds. TOT was also registered on a 
Standard Electric time clock giving E im- 
mediate information concerning error during 
each trial so that he could inform S concerning 
his performance. Foot tracking was per- 
formed by means of a foot pedal like the 
accelerator of an automobile and save for the 
direction of motion (vertical instead of 
rotary) was the same in principle as hand 
tracking, being monitored for error in the 
same way. During tracking Ss received feed- 
back concerning direction and amount of 
error continuously: (a) direction by whether 
the stimulation was on the left or right side, 
and (b) amount of error by the loudness of 
the 1000-cps tone or the intensity of the 
vibratory stimulation of the chest. In order 
to make S depend on vibratory stimulation 
rather than on the sound of the vibrators, a 
140-cps masking tone, close to the same fre- 
quency as that of the vibrators, was used. 
(It was on during hand tracking as well.) 

Physiological recording.—In most respects 
the apparatus and the data-reduction methods 
employed were very similar to those described 
by Malmo and Surwillo (1960). Additions 
and modifications were as follows. For 
quantification of the EEG there was added a 
third band-pass filter with cutoffs at the 
upper and lower limits of the 17-30 cps fre- 
quency bands. For illustration of EEGs and 
integrator records taken from this experiment, 
see Fig. 3 and 4 in Malmo and Surwillo 
(1960).  Blood-pressure recording by the 
method previously described was tried again 
but the number of artifact-free tracings was 
insufficient for reporting. Method of re- 
cording and measuring palmar conductance 
(PC) was precisely as described by Malmo 
and Davis (1961). For diagrams of some of 
the electromyographic (EMG) placements 
used, see Davis (1959). All EMG leads used 
in this study were previously described by 
Malmo and Surwillo (1960). 
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Procedures 


The author met each § as he reported and 
explained the project in a general way urging 
him to apply himself conscientiously to the 
task. The S was taken into the experimental 
room, introduced to two assistants, W. M. 
and J. G., who with the author placed elec- 
trodes and attachments on S for recording. 
J. G. then took S’s blood pressure by palpa- 
tory and auscultatory methods, gave him 
detailed instructions about the tasks, again 
emphasizing the importance of putting full 
effort into them all through the session. It 
was explained that S would be told his score 
after each trial and that after a little practice 
he should be able to track with no more than 
10 sec. off target. Preliminary practice was 
given the blindfolded S on auditory tracking, 
first without the 140-cps masking tone and 
then with it. The five main experimental 
conditions then commenced. 

1, Learning trials for auditory tracking 
with the right hand—Hand tracking was 
with eyes closed and with the foot pedal held 
down by the right foot. Two minutes and 
twenty-four seconds trials consisting of three 
successive rotations of the wheel over to the 
stop (clockwise) and back to the starting 
position (counterclockwise) alternated with 
48-sec, rest intervals when S was told his 
Score and how it compared with his best 
previous score. All Ss had at least 10 trials, 
but practice was continued for as many trials 
as necessary to meet the criterion of three 
successive trials of no improvement. 

The last four learning trials were the 
“early” trials in the comparison of "early vs. 
late trials" described in the next section. 

2. Vibratory (pedal) tracking—After 
learning auditory tracking S had two trials on 
vibratory tracking (see Davis & Mundl, 
1964). 

3. Double tracking—Four trials on double 
tracking (auditory tracking with hand, and 
vibratory tracking with foot) followed. 

4. Divided vs. unified set—In the fourth 
condition there were eight trials: four trials 
with unified set, in which S was told that 
hand tracking to tone would continue 
throughout the trial, alternating trial by trial 
with four trials with divided set in which S 
was instructed to begin tracking to the tone 
with his hand, but to be prepared to shift to 
double tracking later in the trial as soon as 
he felt the vibrator stimulate him on the left 
side of his chest. Odd-numbered Ss com- 
menced this condition with divided set, even- 

numbered Ss with unified set. 

5. “Exertion” condition—The S held the 
hand wheel in the full counterclockwise 
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position against the stop and held the foot 
pedal fully down. Intensity of auditory and 
vibratory stimulation was kept continuously 
at the highest level (i.e., the level that in 
tracking would have accompanied full dis- 
tance off target). There were two 2 min. 24 
sec. "trials," with 48-sec. rest between them. 


Comparisons 

Unified vs. divided set.—Data from the first 
two thirds of the trials, four with unified set, 
alternating with four with divided set, were 
used. 

“Early” vs. "late" trials.—The "late" trials 
were the four complete unified-set trials and 
the “early” trials were again complete trials, 
the last four learning trials for auditory 
tracking with the right hand (see Procedures 
section). As will be clear later, because of 
the close approximation to the performance 
difference in the main experimental condition 
(i.e., the unified-divided set comparison) this 
comparison of physiological measurements 
for early vs. late trials provides the most 
critical control for the main experimental 
condition. 

Single vs. double tracking.—Data were 
taken from the last one third of the trials, 
four with hand tracking alone, from the 
unified-set condition, alternating with four 
trials with double-tracking (hand and foot 
tracking together) in the last one third of the 
trials (following the divided-set condition in 
the first two thirds of the trials). 

“Exertion” vs. single tracking.—Data were 
taken from the two “exertion” trials and 
from the four full unified set trials. 

"Exerlon" vs. double tracking.—Data were 
taken from the last one third of the two 
exertion trials and from the last one third of 
the trials in which double tracking occurred 
(preceded by the divided-set condition in the 
first two thirds of the trials). 


RESULTS 


From the first three columns of 
Table 1 it is clear that while divided 
set produced a performance decre- 
ment, this decrement was not asso- 
ciated with a significant change in any 
of the 11 physiological variables in- 
vestigated. The data on the right in 
the second three columns show that 
the performance difference between 
early and late tracking trials closely 
approximated the performance differ- 
ence between the conditions of divided 
and unified set, and furthermore that 
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TABLE 1 


Comparisons or DATA ron DIVIDED vs. UNIFIED SET AND OF EARLY VS. LATE TRIALS 


Unif. Set Div. Set Diff. Early Trials | Late Trials Diff. 
Performance Measures 
TOT (percent) 9.00 11.00 2.0% 7.00 10.00 3.00*** 
DOT (degrees) 0.24 0.26 0.02*** 0.22 0.24 0.02*** 
Physiological Measures 
ANS Meas. 
HR 67.22 67.27 0.05 71.40 68.42 2.98*** 
Resp. R. 18.49 18.36 0.13 19.24 18.71 LOS 
PC (u mhos) 106.33 106.45 0.12 118.82 103.23 15/59%?*. 
EMG (uv.) 
L. leg 7.80 8.94 1.14 12.85 9.94 2.91* 
R. leg 89.70 81.09 8.61 86.83 90.06 3.23 
L.arm 7.50 7.55 0.05 10.68 9.76 0.92 
R. arm 38.34 36.67 1.67 39.70 39.94 0.24 
F. hd. 20.44 20.40 0.04 18.81 20.06 1.25 
EEG (uv.) 
2-4 cps 3.45 3.45 0.00 3.11 3.13 0.02 
8-12 cps 9.63 9.49 0.14 9.30 9.29 0.01 
17-30 cps 3.75 3.71 0.04 3.77 3.75 0.02 
oe Ot 
wk p 001 


the performance difference between 
early and late trials was associated 
with highly significant differences in 
all three ANS measures used, and with 
a moderately significant difference in 
left leg EMG, in addition. 

For the performance data, in addi- 
tion to the analyses summarized in 
Table 1, two further ¢ tests were 
carried out to test the significances of 
the mean differences in DOT and 
TOT between (a) the unified set- 
divided set comparison and (b) the 
early-late trial comparison. The re- 
sulting insignificant /'s showed again 
that the differences in error scores 
between unified and divided set 
closely approximated the differences 
in error scores between early and late 
trials. Or stated in another way the 
performance decrement produced by 
divided set was nearly identical with 
the"performance decrement observed 
in later tracking trials (relative to 
performance at the end of practice 
early in the session). It will be noted 


that both decrements, though very 
reliable statistically, were relatively 
slight: of the order of .02° DOT 
and 2-3% TOT. 

Much greater decrements in hand 
tracking were found, of course, when 
Ss were attempting to track with 
their feet to vibratory stimulation on 
the chest (the single- vs. double- 
tracking comparison). Error scores 
under the double-tracking condition 
were approximately three times those 
obtained under the single-tracking 
condition. Associated with this dec- 
rement there were significant EEG 
changes (that did not appear in the 
comparison between early and late 
tracking trials). Using all the EEG 
data, mean 2-4 cps EEG amplitude 
was significantly lower (p < .02) and 
8-12 cps EEG was significantly higher 
(p « .05) under the double-tracking 
condition. Under the relatively re- 
laxed conditions of this kind of 
tracking, increasing activation has 
been found to increase rather than to 
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reduce mean 8-12 cps EEG amplitude 
(Pinneo, 1961, p. 530; Stennett, 
1957). There was less prior informa- 
tion concerning 2-4 cps EEG changes 
but the finding of a fall in amplitude 
accompanying increased task diffi- 
culty appears to fit with the observa- 
tion that 2-4 cps EEG amplitude 
rises early in sleep (Malmo, 1959, p. 
380). Among the ANS measures, 
heart rate (HR) was the only one that 
failed to discriminate between the two 
conditions. 

Comparisons between conditions in 
which Ss tracked (either with hand 
alone or with hand and foot together) 
and the no-performance or “exertion” 
condition yielded highly significant 
differences in all three ANS measures, 
and in mean 8-12 cps EEG as well 
(b < .01 for both comparisons, using 
all EEG data). 

Probably the greatest contrast of 
conditions was that between double- 
tracking (the most difficult task) and 
the no-performance (exertion) condi- 
tion and as would be expected 
this comparison yielded more signifi- 
cant differences between physiological 
measures than any other. Mean 8-12 
cps EEG voltage and all mean ANS 
measures were significantly higher for 
double-tracking than for the exertion 
condition. In addition, all three of 
the "meaningful" EMG comparisons 
yielded significant differences. (Com- 
parisons between EMGs for right 
arms and legs were not meaningful 
ones because the arms and legs were 
engaged in different activities, track- 
ing in the performance conditions, and 
isometrically tensed in the no-per- 
formance or exertion condition). 

In all cases isometric tension yielded 
higher muscle potentials than were 
recorded from the same electrodes 
when the muscles were used in track- 
ing. All comparisons except for 
unified vs. divided set yielded at least 

one significant EMG difference (in 
the right arm for single vs. double 
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tracking, and in the left leg for single 
tracking vs. exertion, and also in the 
left leg for early vs. late trials). 


Discussion 


Results confirmed the earlier conclu- 
sion of Mowrer et al. (1940) that per- 
formance is impaired by divided set. 
Mean tracking scores under the condition 
of unified set were clearly superior to 
those obtained under the condition of 
divided set. There were, however, no 
significant physiological differences be- 
tween conditions. Comparison of early 
vs. late tracking trials provided critical 
data to rule out the argument that this 
failure of the physiological measures to 
show a difference was due to their in- 
sensitivity. The performance difference 
for the early-late comparison was almost 
identical with that for the unified vs. 
divided set comparison; but in the former 
case there were highly significant differ- 
ences between physiological measures. 
The most probable interpretation of the 
slightly (but reliably) poorer tracking 
later in the session, accompanied by 
lowered physiological levels, seems to be 
that under the highly relaxed conditions 
of performance in this experiment S's 
level of activation drifted to a point lower 
than optimal. It should be pointed out 
that although physiological measures 
commonly show adaptation throughout 
the experimental session they do not 
invariably do so (see Duffy, 1962, p. 
64 f). There appear to be relatively 
few studies of trends in performance 
(free of practice effects) associated with 
Physiological adaptation. One such 
study is that of Elliott (1964) who in his 
adult Ss found performance decrement 
in RT associated with decreased levels of 
Physiological activation later in the 
Session. In both studies there was a 
shift of physiological levels in the direc- 
tion of sleep, accompanied by perform- 
ance decrement. These observations 
appear related to those of Adkins (1964) 
who found that compared with values 
obtained from Ss who had been awake 
for several hours, mean heart rate and 
mean respiration rate were significantly 
lower, and mean RT was significantly 
slower in Ss shortly after they had been 
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awakened from sleep. In none of these 
experiments was the poorer performance 
due to even brief episodes of actual sleep, 
however. In the present experiment, 
all records were EEG monitored, and 
data for the rare occasions when an S 
actually dozed briefly were omitted from 
analysis. For an illustration of such an 
episode of brief sleep taken from the 
recordings of this study, see Fig. 3 and 4 
in Malmo and Surwillo (1960). Further 
evidence against sleep episodes causing 
performance decrements in the later 
trials is the fact that the quantitative 
EEG analyses revealed no significant 
differences between early and late trials. 
Apparently under the conditions of this 
experiment ANS indicants (and to a 
lesser degree, skeletal-muscle tension) 
were more sensitive than the EEG 
measures in revealing the relatively 
slight shift in level of activation (or 
arousal). 

Need to revise the activation concept.— 
In addition to the negative results from 
the divided-set experiment, there have 
been other experiments in which per- 
formance (and learning) were signifi- 
cantly affected by conditions that were 
unaccompanied by any observable shift 
in physiological indicants (Malmo, 1963, 
p. 2 ff). These findings clearly limit 
generalizations concerning relations be- 
tween physiological activation and per- 
formance, a point which has recently 
been stressed by Elliott (1964). In short, 
this study has provided a clear example 
of dissociation between performance 
and physiological activation. Elsewhere 
(Malmo, 1963, p. 3) it was suggested 
that this dissociative phenomenon in 
normal Ss seems related to a dissociation 
found earlier in schizophrenics; and as 
far as neural mediation of these be- 
havioral phenomena is concerned, the 
physiological evidence seems mainly to 
suggest cortical mechanisms, whose facili- 
tation of autonomic effectors is prob- 
ably much less strong than that of the 
“arousal system.” 

However, in the light of recent neuro- 
physiological findings (Feldman, 1964; 
Feldman & Waller, 1962!) it is un- 


4S, M. Feldman, personal communication, 
1964. 


doubtedly an oversimplification to assign 
all activation (and arousal) phenomena 
to the reticular system, since Feldman 
and Waller have shown that the posterior 
hypothalamus is at least as important 
in the mediation of these phenomena. 


REFERENCES 


Apxins, S. Performance, heart rate, and 
respiration rate on the day-night con- 
tinuum.  Percept. mot. Skills, 1964, 18, 
409-412. 

Davis, J.F. Manual of surface electromyog- 
raphy. USAF WADC tech. Rep., 1959, 
No. 59-184. 

Davis, J. F, & Munil, W. J. A dual 
modality tracking system. Psychophysi- 
ology, 1964, 1, 183-191. 

Durry, E. Activation and behavior. New 
York: Wiley, 1962. 

Erurorr, R. Physiological activity and 
performance: A comparison of kindergarten 
children with young adults. Psychol. 
Monogr., 1964, 78(10, Whole No. 587). 

FELDMAN, S. M., & WALLER, H. J. Dissocia- 
tion of electrocortical activation and be- 
havioral arousal. Nature, 1962, 196, 1320- 
1322. 

Hess, D. O. Organization of behavior. New 
York: Wiley, 1949. 

Matmo, R. B. Activation: A neuropsy- 
chological dimension. Psychol. Rev., 1959, 
66, 367-386. 

Matmo, R. B. On central and autonomic 
nervous system mechanisms in condition- 
ing, learning, and performance. Canad. J. 
Psychol., 1963, 17, 1-36. 

Mazrwo, R. B., & Davis, J. F. A monopolar 
method of measuring palmar conductance. 
Amer. J. Psychol., 1961, 74, 106-113. 

Mano, R. B., & Surwitto, W. W. Sleep 
deprivation: Changes in performance and 
physiological indicants of activation. Psy- 
chol. Monogr., 1960, '74(15, Whole No. 502). 

Mowrer, O. H., Rayman, N. N., & Buss, 
E. L. Preparatory set (expectancy)—an 
experimental demonstration of its ‘central’ 
locus. J. exp. Psychol., 1940, 26, 357-372. 

Pinneo, L. R. The effects of induced muscle 
tension during tracking on level of activa- 
tion and on performance. J, exp. Psychol., 
1961, 62, 523-531. 

SrENNETT, R. G. The relationship of alpha 
amplitude to the level of palmar con- 
ductance. ^ Electroenceph. clin. Neuro- 
physiol., 1957, 9, 131-138. 


(Received August 24, 1964) 


Journal of Experimental Psychology 
1966, Vol. 71, No. 2, 190-193 


MOTIVATIONAL FACTORS IN SHORT-TERM RETENTION! 
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In a short-term memory task the to-be-remembered stimuli were cued 
for different incentive values. 4 incentive conditions were employed: 
win 1¢ for correctly retaining the stimulus, win 5¢, receive a shock for 
not correctly recalling the stimulus, and a control group where neither 
shock nor money was used as an incentive. Results indicated that 
there was a significant interaction (p < .01) between time of recall and 
the incentive condition. The results suggest that motivation affects 
the capacity to retain material in storage. 


In the summary chapter of Emo- 
tions and Memory, Rapaport (1942) 
states: “A hierarchy of emotional 
factors and their influences on memory 
unfolded before us in these experi- 
ments [p. 269]." The behavioral 
phenomena cited by Rapaport include 
studies of the retention of pleasant 
and unpleasant experiences, the Lew- 
inian experiments investigating the 
recall of completed and incompleted 
tasks, the effects of success and failure 
on retention, posthypnotic sugges- 
tions, and analyses of the dreams and 
repressions of clinical patients. Sub- 
sequent studies of the relation of 
muscular tension to recall (Bourne, 
1955), and the retention of high 
arousal stimuli (Kleinsmith & Kaplan, 
1963; Walker & Tarte, 1963) further 
corroborate that memory is in part 
determined by motivational factors. 


‘This study was conducted while the 
senior author was at the University of 
Michigan, The research was supported by 
Grant No. HD-00904, and Research Career 
Award K6-MH-21, 868 to the second author 
from the United States Public Health Service, 
National Institutes of Health. The authors 
wish to thank Michael Posner, J. David Birch, 
and Robert Tarte for their aid and sugges- 
tions. 

? Now at the University of California, Los 
Angeles, 


The views expressed by Rapaport 
have not had great heuristic value in 
experimental psychology. This is in 
part due to the methodological diffi- 
culties and experimental unsoundness 
of much of the research cited to 
support his contentions. However, 
recent methodological advancements 
in the area of short-term memory 
(Melton, 1963) now make it possible 
to conduct more careful and system- 
atic investigations of the relation of 
affect and memory. 

In the present single-repetition, 
short-term memory experiment Ss 
perceive nonsense syllables which 
discriminably differ in their incentive 
value; for retention of these stimuli, 
Ss receive varying amounts of a 
positive incentive (money) or avoid a 
negative incentive (shock). The gen- 
eral hypothesis is that the greater the 
affective intensity or incentive value 
of the stimulus, the more likely it is 
to be retained. 


METHOD 


Subjects —Twenty male students enrolled 
at the University of Michigan participated as 
paid Ss. 

Materials.—Eighty consonant trigrams of 
less than 30% associative strength (Witmer, 
1935) were used as stimuli. The consonants 
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“y” and “w” were excluded; each of the re- 
maining 18 consonants was used in no less 
than 10 and no more than 15 of the trigrams. 
The trigrams were printed on slides with one 
of four background colors: red, yellow, green, 
or white. Twenty stimuli were randomly 
assigned to each color. 

Procedure.—The Ss participated in a short- 
term memory task. On each trial the back- 
ground color on which the trigram appeared 
informed Ss of the incentive for correctly 
remembering the stimulus. There were four 
experimental conditions corresponding to the 
four colors: win 1¢ for correctly recalling the 
stimulus, win 5¢, receive a shock for not 
correctly recalling the stimulus, and a control 
condition where neither shock nor money was 
used as an incentive. The intensity of the 
pulse shock was 110 v. with an amperage of 
60 ua. The shock was delivered to the upper 
arm of S. 

The Ss were first informed of the color- 
value pairings. To ensure that the value of 
each color was retained, Ss were administered 
a 10-trial, four-item paired-associates list 
consisting of the color-incentive pairs. The 
E read the colors aloud; Ss were corrected 
following wrong responses. There were no 
incorrect anticipations following the third 
trial. 

In the short-term memory task which fol- 
lowed, the to-be-remembered stimuli were 
projected on a screen for .75 sec. Then slides 
containing random single digits were pro- 
jected. There were 60 digits on each slide. 
The interslide interval was approximately .70 
sec. As an interpolated activity Ss were 
required to read the digits in time to a 
metronome which beat 3.25 times/sec. There 
were two time intervals for the interpolated 
activity: 4.67 sec. and 15 sec. Therefore, 
approximately 15 or 49 digits were read during 
the interpolated time period. Both the 
trigrams and the digits were read aloud, The 
recall time between the offset of the digits 
and the onset of the next stimulus was 12 sec. 
Following Trials 20, 40, and 60 there was a 
10-sec. time delay to change slide trays. 

The Ss were in all experimental conditions. 
In the first and last 40 trials each of the eight 
conditions (four incentive conditions X two 
time intervals) appeared five times. Within 
these 40 trials the order of presentation was 
randomized. The order of the stimuli was 
constant across Ss, and for all Ss the incentive 
value associated with a given color remained 
the same during the experiment. The design 
was counterbalanced so that every color- 
trigram pairing was associated with each of 
the incentive conditions an equal number of 
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5 cent reward 


Per Cent Retention 
$ 


—— 1 cent reward 


Control 


4,67 15 
‘Time of Interpolated Activity (In Seconds) 


Fic. 1. Percentage of correct responses as 
a function of incentive and the time of the 
interpolated activity. 


times. The Ss were randomly assigned to the 
various color-incentive combinations. 


RESULTS 


In Fig. 1 the percentage of correct 
responses is plotted as a function of 
incentive and the time of the inter- 
polated activity. The analysis of 
variance performed on this data re- 
veals that there is a significant inter- 
action between the incentive condi- 
tions and the time of the interpolated 
activity, F (3, 133) = 4.74, p < .01. 
Further analysis comparing retention 
within a time interval shows that at 
the shorter interval the difference 
between conditions is not statistically 
significant, F (3, 57) = 1.83, p < .25; 
a Newman-Keuls paired-mean test 
reveals there are no significant differ- 
ences between any of the means. At 
the 15-sec. time interval there is a 
significant difference between condi- 
tions, F (3,57) = 7.81, p < 01; a 
Newman-Keuls test indicates reten- 
tion is significantly better (p < .01) 
in the 5¢ and shock condition than in 
either the 1¢ or control condition. 


DISCUSSION 


The results support the general hy- 
pothesis and demonstrate that the an- 
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ticipated outcome signaled by a given 
event affects the subsequent recall of 
that event. A more specific question 
which needs to be answered is which 
process in the memory sequence—trace 
formation, trace storage, or trace utiliza- 
tion (Melton, 1963) is most affected by 
the incentive value of the stimulus. 
Underwood (1964) has argued that in 
some short-term memory experiments 
inequalities in the degree of original 
learning (trace formation) produced by 
intrinsic differences in the to-be-retained 
stimuli, e.g., the number of units in the 
material, have been confounded with 
differences in retention. In this experi- 
ment, however, differential rates of for- 
getting were exhibited when the to-be- 
remembered stimuli were identical in the 
different conditions. Further, recall did 
not significantly differ between condi- 
tions at the shorter time interval. It 
therefore is unlikely that the differences 
in recall at the 15-sec. interval can be 
attributed to differences in the degree 
of original learning. The interaction 
between the time of the interpolated 
activity and the incentive conditions 
indicates that the storage of the trace is 
the process most affected by the motiva- 
tional manipulation employed in this 
study. 

It might be argued that the interaction 
between the time interval and the incen- 
tive conditions was mediated by differ- 
ential rehearsal of the stimuli. It is 
conceivable that the greater the incentive 
value of the stimulus, the greater is the 
tendency of the Ss to repeat that stim- 
ulus. The differential rehearsal hy- 
pothesis is especially provocative because 
it is generally accepted that learning 
increases as a function of the number of 
repetitions of the to-be-learned material. 
If motivational manipulations result in 
differential rehearsal, then the degree of 
learning becomes confounded with the 
Storage process, and demonstrating that 
motivation influences retention certainly 
would be a formidable problem. In this 
experiment Ss were paced during the 
interpolated task to minimize the amount 
of rehearsal; there is no evidence that Ss 
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do or do not covertly rehearse one set of 
stimuli more than another set. 

Although early studies in the area of 
motivation and memory do not meet the 
present methodological standards re- 
quired for retention experiments, the 
phenomena discovered in some of these 
studies suggest possible interpretations 
of the present results. Prentice (1943) 
reported that differences in retention of 
material learned under high vs. low 
motivation was maximized when .Ss were 
given interpolated activity immediately 
prior to recall. Marrow (1938) found 
that the difference in recall of incom- 
pleted and completed tasks was greatest 
near the middle of the serial order of 
tasks, where interference is maximal. 
These findings considered in conjunction 
with the present study suggest that the 
greater the strength of motivation during 
perception, the less the likelihood that 
the trace or residue of the experience 
will be subject to pre- or postperceptual 
interference. This position is consistent 
with Koffka's (1935) speculation that the 
greater the organization of the stimulus 
trace, the less the probability that the 
trace system will weaken over time, and 
Walker's (1958) position that high 
arousal during the associative process 
results in greater permanent memory. 
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In 4 experiments, adult Ss learned bigrams under either immediate 
or delayed reinforcement and in a discrimination or a paired-associate 
task form. All Ss relearned the same material 7 days later. In addi- 


tion, 2 of the experiments investiga: 


ted the effects of 3 levels of monetary 


reward on acquisition and retention. The results indicated that de- 
layed reinforcement improved retention of paired associates, but had no 
effect on acquisition or retention in the discrimination task. The 
effects of monetary reward were uniformly nonsignificant. 


Recent investigations have indi- 
cated that delay of reinforcement 
during learning facilitates retention 
(Brackbill, 1964; Brackbill, Boblitt, 
Davlin, & Wagner, 1963; Brackbill, 
Bravos, & Starr, 1962; Brackbill, 
Isaacs, & Smelkinson, 1962; Brack- 
bill & Kappy, 1962; Brackbill, Wag- 
ner, & Wilson, 1964). For shorthand 
purposes, this has been called the 
delay-retention effect. These studies 
have confined themselves to the use 
of juvenile Ss (6-9 yr. of age) and to 
a discrimination form of learning task. 
The first purpose of the present 
investigation was to test the generality 
of the previous findings with respect 
to age of Ss and type of learning task. 
The Ss of college age were used in 
discrimination and paired-associate 
learning of bigram material. 

The second purpose was to assess 
the relative contributions to the delay- 
retention effect of two components of 


1 This study is based upon a dissertation 
submitted by the first author to the Uni- 
versity of Denver in partial fulfillment of the 
requirements for the MA degree, and was 
carried out during the term of a predoctoral 
fellowship awarded to the first author by the 
National Science Foundation. The research 
was supported in part by United States 
Public Health Service Research Grant 
M-5994, 


reinforcement—knowledge of results 
and tangible reward. 

Four experiments are reported here. 
Because the results of Exp. I and II 
were surprisingly different from the 
results previously obtained with chil- 
dren, Exp. III and IV were carried 
out as replications. 


EXPERIMENT I 
Method 


Experimental design.—This experiment in- 
volved a 2 X 3 design, with five Ss per group. 
The variables were two levels of reinforce- 
ment delay, 0 and 10 sec., and three levels of 
monetary reward—no pay, fixed pay, and 
performance-contingent pay. There was a 
learning and a relearning session for each S. 

Experimental task, material, and apparatus. 
--The experimental task was a series of 
25 two-choice simultaneous discriminations. 
The material for this task consisted of 25 
Pairs of bigrams. Mean frequency of occur- 
rence of the 50 bigrams was 7.5 per 15,000 
words of running text (Underwood & Schulz, 
1960, Appendix D). During both sessions, 
every successive presentation of the series 
followed a different random order. The left- 
right position of the correct stimulus was also 
randomized for the successive presentations 
ofany pair. The correct bigram within each 
pair was balanced among groups. 

From S's view, the apparatus was seen as 
an upright piece of plywood (52 X 20 in.) 
with two identical columns of parts. Starting 
from the top, each column consisted of a red 
pilot lamp, a stimulus aperture, a marble 
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aperture, a marble receptacle, and a. lever. 
A Dixie cup, into which .S deposited the 
marbles he earned, sat on the table in front. 
of the apparatus. A fan ventilated the ex- 
perimental room and masked extraneous 
noises. The E was seated behind the ap- 
paratus and could observe S's actions in a 
small wall mirror. (The apparatus is de- 
scribed more fully in Brackbill & Kappy, 
1962.) 

By pressing either lever on the apparatus, 
S activated a timer that had been preset for 
the appropriate reinforcement delay interval, 
0 or 10 sec. If S pressed the lever under the 
correct bigram, then after 0 or 10 sec. the 
lamp above it flashed on, a loud buzz sounded, 
and a marble dropped into the receptacle. 
If S pressed the lever under the incorrect 
bigram, then after the appropriate delay a 
click sounded and the lamp above the correct 
bigram flashed on, A second timer controlled 
the intertrial interval—20 sec. during learn- 
ing, and 15 sec. during relearning. 

Reward condition.—At the first session, and 
again at the second, instructions regarding 
monetary reward were given to the fixed- and 
contingent-pay groups. The Ss in the fixed- 
pay groups were told they would receive $2.50 
at the end of the second session. The Ss in 
the contingent-pay groups were told they 
would be paid an amount determined by the 
ratio of their correct answers to their in- 
correct answers. It was emphasized that to 
maximize earnings, S had to give as many 
correct answers as possible, and make as few 
errors as he could. (These Ss were actually 
paid $2.50 each, and shown a division of the 
pay between the learning and relearning 
sessions which was performance related.) No 
mention of money was made to the no-pay 
groups, 

Subjecis.—The Ss were 30 undergraduate 
males who were attending summer session 
at the University of Denver and who were 
obtained by telephoning at random from a 
list of all undergraduate males. Each was 
asked to volunteer for a psychology experi- 
ment, Those who agreed were assigned 
randomly to the experimental groups. No S 
was aware of the monetary-reward condition 
before reporting for his first experimental 
session. 

Procedure.—The Ss were tested indivi- 
dually in a laboratory room. A pretraining 
item was used to familiarize S with the 
discrimination task and apparatus. With one 
bigram in each stimulus aperture, S was in- 
structed to guess which one was correct and to 
press the lever under his choice. Then the 
same bigrams were interchanged; S was 


instructed to spell the correct one aloud and 
press the appropriate lever. After emphasiz- 
ing that the same bigram would always be 
correct for any given pair, E explained that .S 
must learn the correct responses for all pairs 
of bigrams to follow. On each trial, S spelled 
aloud the letters of the bigram he thought 
correct and then pressed the corresponding 
lever. After each correct response 5 picked 
up the marble that dropped into the receptacle 
and placed it in the Dixie cup. The E ex- 
plained that total correct answers could be 
tallied in this way. The actual reason for 
dispensing marbles and for having S pick 
them up and deposit them in a cup was to 
increase the similarity of the present proce- 
dure to that used previously with children. 

Presentations of the set of 25 bigram pairs 
continued until S reached a criterion of three 
consecutive correct responses to each indivi- 
dual item. The dropout method was used to 
control for overlearning: An item was 
eliminated from succeeding presentations of 
the series as soon as S had responded cor- 
rectly to it three consecutive times. Those 
Ss who failed to reach criterion on all items in 
70 min. were discarded. The number of 
errors to criterion was recorded by E^ At the 
end of the session S was told to return 7 days 
later for “a similar task,” 

Upon S's return, E restated the reward 
instructions, when appropriate, and told S 
that both task and material were the same as 
before, All Ss relearned under a 0-sec. delay 
and a 15-sec. intertrial interval, Relearning 
scores obtained under these conditions show 
no significant difference nor systematic 
differences in trend when compared with re- 
learning scores obtained under a 10-sec. delay 
and a 20-sec. intertrial interval (Brackbill & 
Kappy, 1962, Control B). The Ss relearned 
all items to the same criterion of three con- 
secutive correct responses. 


EXPERIMENT II 


Method.—Experiment II differed from its 
predecessor in the use of a paired-associate 
learning task rather than a discrimination 
task. The two experiments were otherwise 
the same in design, independent variables, 
subject characteristics, and general procedure. 
The apparatus used in Exp. I was modified to 
accommodate the presentation of paired 


? The number of trials to criterion was also 
recorded in all experiments. Only the data 
for errors are reported here, however, since 
in no statistical analysis did the two measures 
differ in any essential respect. 
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associates. An automatic shutter, controlled 
by the delay-interval timer, covered the 
right-hand stimulus aperture. Pressing the 
left lever on the apparatus activated the delay 
timer. After the appropriate interval, 0 or 10 
sec., the shutter opened to expose the correct 
bigram. It remained open for 10 sec. The 
automatic marble dispenser and the buzzer 
were inoperative; for each correct answer, S 
took a marble from a box and placed it in the 
Dixie cup. The learning material consisted 
of the first 12 bigram pairs from the set used 
in Exp. I. 

As pretraining, one bigram was presented 
in the left stimulus aperture, S pressed the 
left lever, and after the appropriate delay 
interval the shutter opened, exposing the 
correct bigram for 10 sec. Then S spelled 
aloud the letters behind the shutter, and 
pressed the left lever. After the shutter 
opened, E said that S had just given the 
correct response for the left bigram, and that 
S was to learn the correct responses for the set 
to follow. The set of 12 bigram pairs was 
then presented once, with S merely pressing 
the lever after each stimulus appeared in the 
left aperture and observing the correct re- 
sponse. On all subsequent trials, S spelled 
aloud what he thought was the correct 
response before pressing the lever. After 
each correct response, S took a marble from 
the box and placed it in the Dixie cup. The 
criterion of learning, as in Exp. I, was three 
consecutive correct responses to an item. 
Those Ss who did not reach criterion in 70 
min. were discarded. All Ss returned 7 days 
later for the relearning session. The pro- 
cedure for this session was exactly the same as 
for Session 2 in Exp, I, again using 0-sec. 
delay and a 15-sec. intertrial interval for all 
groups. 


EXPERIMENTS IlI AND IV. 


Since the results of Exp. I differed 
markedly from the results obtained 
with grade-school children in all 
previous experiments, it seemed ad- 
visable to replicate Exp. I and II. 
The monetary-reward variable was 
dropped from these replications, how- 
ever, since the effects of this variable 
were uniformly far from significant in 
the first two experiments. 


Method 


Experimental design.—Experiments III 
and IV each employed two groups of Ss. One 
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group in each experiment (N = 15) learned 
under 0-sec. delay, and the second group 
(N = 15) learned under 10-sec. delay. 
Experiment III replicated Exp. I in the use of 
à discrimination-learning task, while Exp. IV 
replicated Exp. II in the use of a paired- 
associate learning task. 

There were two respects in which Exp. III 
and IV differed from Exp. I and II. First, 
Ss of Exp. III and IV were 60 undergraduate 
men enrolled in an introductory psychology 
course at the University of Denver and who 
signed up for the experiments as part of their 
course requirements. Second, all instructions 
regarding monetary reward were omitted from 
the second pair of experiments. In all other 
respects, Exp. III and IV were equivalent to 
their counterparts. 


RESULTS 


In discrimination learning (Exp. I 
and III) three Ss in the 0-sec. delay 
group and eight Ss in the 10-sec. 
delay group failed to reach criterion 
within the 70-min. time limit allotted 
for learning, and were therefore dis- 
carded. This difference is not signifi- 
cant (p > .06, by binomial expan- 
sion). In paired-associate learning 
(Exp. IJ and IV) eight Ss in the 0-sec. 
group and nine in the 10-sec. group 
were similarly discarded. 

Tangible reward.—Analyses of vari- 
ance for Exp. I and II (Table 1) 
showed that the effects of the reward 
variable were in both cases far from 
significant: For learning, for relearn- 
ing, and for savings, the F ratios for 
the main effect of reward and for the 
Delay X Reward interaction were all 
less than one, 

Delay of reinforcement.—Analyses 
of variance of errors during learning 
for Exp. I and II (Table 1) and ¢ tests 
for Exp. III and IV (Table 2) showed 
only one instance in which delay had 
a real effect upon acquisition. In 
Exp. IV, the immediately reinforced 
group learned faster than the 10-sec. 
delay group, t (28) = 3.16, p < .01. 

Reinforcement delay during learn- 
ing had no effect on relearning for 
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TABLE 1 - 


Expr. I AND II: ANALYSES OF VARIANCE 
OF ERROR SCORES IN LEARNING, 
RELEARNING, AND SAVINGS 


ae | F Ratio 
easure an 
Source ar: 
Exp. I Exp. II 
Learning 
Reward 2 <1 1.17 
Delay 1 <1 1.56 
RXD 2 <1 1.11 
Error (MS)| 24 | (179.73) | (395.90) 
Relearning 
Reward 2 «1 «1 
Delay " 1.30 6.00* 
RXD 2 <1 <1 
Error (MS)| 24 | (115.30) (88.27) 
Saving 
Reward 2 «1 «1 
Delay 1 «1 7.33* 
RXD 2 <1 <1 
Error (MS) | 24 (139.53) | (312.22) 
*p «.05. 


those Ss who had learned the 25 
discrimination items (Exp. I and 
III). In Exp. II, relearning of paired 
associates was significantly better, 
F (1, 24) = 6.00, p < .05, for Ss who 
had learned under delay. In Exp. IV, 
however, this difference was not 


TABLE 2 


Exp, III AND IV: MEANS AND / RATIOS BASED 
ON ERROR SCORES IN LEARNING, 
RELEARNING, AND SAVINGS 


Exp. III Exp. IV 
Delay 
Mean 1 Mean t 
Errors Errors 
Learning $ 
Osec. | 21.27 25.80 
<i S165, 
10 sec. | 24.60 39.13 
Relearning 
0 sec. 9.13 8.33 
«1 <i 
10 sec. 12.87 9.60 
Saving 
0 sec. 12.13 17.47 
<1 IS A Er 
10 sec. 11.73 29.53 


Dp <01. 
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Fic. 1. Trials required to relearn dis- 
crimination items, as a function of the number 
of trials to learn the same items, for Exp. I 
and II combined. (Each point represents an 
average for not less than 9 items.) 


significant. (In fact, the very small 
difference in Exp. IV favored the im- 
mediately reinforced group.) 

Delay of reinforcement had no 
significant effect on errors saved under 
the discrimination-task conditions of 
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Fic. 2. Trials required to relearn paired- 
associate items, as a function of the number 
of trials to learn the same items, for Exp. II 
and IV combined. (Reading along the 
abscissa, each point up to and including 10 
learning trials represents an average for not 
less than 10 items. For the 0-delay group, 
the last three points are based on 4, 7, and 
3 items, respectively. For the 10-delay 
group, the last three points are based on 10, 
3, and 2 items, respectively.) 


198 


Exp. I and III. The effect for the 
paired-associate task was significant, 
favoring the 10-sec. group in both 
Exp. Il, F (1,24) = 7.33, p < .05, 
and Exp. IV, ¢ (28) = 3.11, p < .01. 
Figures 1 and 2 illustrate the 
number of trials required to relearn 
items to criterion as a function of the 
number of trials to criterion during 
acquisition. For the discrimination 
task (Fig. 1) there is clearly no con- 
sistent difference between the 0-sec. 
and 10-sec. conditions. For the 
paired-associate task (Fig. 2) reten- 
tion was better, for any given number 
of trials to learn, if Ss had learned 
under delayed reinforcement. Ap- 
parently the improved retention of 
paired associates learned under delay 
is not simply an artifact arising from 
differences in initial training. 


Discussion 


The nonsignificant effects of level of 
reward on acquisition and retention, and 
in the Reward X Delay interactions, 
indicate that the critical component of 
reinforcement in the delay-retention 
effect is knowledge of results, not 
tangible reward. Apparently, too, Ss 
performed to the best of their ability 
under whatever incentive was inherently 
present in the experimental situation or 
activated by self-reinforcement (cf. Kan- 
fer, Bradley, & Marston, 1962; Marston 
& Kanfer, 1963). 

The effects of delayed reinforcement 
on acquisition in the discrimination- 
learning task (Exp. I and III) were in 
agreement with the earlier studies using 
juvenile Ss: A 10-sec. delay of reward 
had no significant effect. This finding 
also held for the paired-associate learning 
in Exp. II. However, in Exp. IV, learn- 
ing under 0-sec. delay was faster than 
learning under 10-sec. delay. Since the 
task, material, apparatus, and procedure 
for Exp. II and IV were the same in all 
essentials, an attempt was made to find 
some group difference which might ex- 
plain the discrepant results. Verbal- 
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ability scores on the College Entrance 
Examination Board Scholastic Aptitude 
Test (SAT) were available for all Ss in 
the 0-sec. group of Exp. IV, and for 13 Ss 
in the 10-sec. group. The respective 
group means, 524 and 457, were signifi- 
cantly different, £ (26) = 2.68, p < .02. 
However, Pearson product-moment cor- 
relations of acquisition errors with SAT 
verbal scores were +.115 for the 0-sec. 
group, and —.107 for the 10-sec. group. 
Both were far from significant. The 
reason for the difference in acquisition 
results between the two experiments 
thus remains unclear. 

Retention was of primary interest in 
this study, since one main object was 
testing the generality of the delay-re- 
tention effect. On the discrimination 
task, no such improvement of retention 
was found, either in errors during re- 
learning or in errors saved. This was 
true in both Exp. I and Exp. III, despite 
the fact that the same task, apparatus, 
material, and procedure with juvenile Ss 
had, in earlier studies, consistently de- 
monstrated facilitation of retention with 
delay during acquisition. In contrast, 
retention of paired associates was im- 
proved by the 10-sec. delay of reinforce- 
ment. In Exp. II, both errors during 
relearning and errors saved gave signifi- 
cant results, while in Exp. IV only 
errors saved were significant. That 
errors during relearning in Exp. 1V were 
not significantly different for the 0-sec. 
and 10-sec. groups may well be due to a 
difference in circumstances under which 
Ss for the two experiments were drawn. 
Whereas in Exp. II, Ss had had little or 
no contact with academic psychology, in 
Exp. IV Ss were drawn from psychology 
classes. Assuming that psychology stu- 
dents suspected Session 2 would test 
retention, and therefore engaged in re- 
hearsal, then errors during relearning 
measured not retention over a 7-day 
interval, but more nearly measured 
immediate recall, tending to wash out the 
difference introduced by learning under 
delay. Some support for this idea is 
offered by the fact that variances for the 
Exp. IV groups are lower than for the 
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Exp. II groups—significantly so for the 
10-sec. groups, and approaching signifi- 
cance for the 0-sec. groups. 

At least superficially, the results sug- 
gest that the learning process may not 
be the same at all developmental levels 
for human Ss. The delay-retention 
effect was not consistently found in 
adults. The fact that retention scores 
were correlated with verbal-ability scores 
from the SAT to such a slight degree— 
correlations ranged from +.15- to —.25— 
suggests that neither the increased ver- 
bal ability of adults nor the college en- 
trance selection process may account for 
the difference found between adults and 
children. 

A partial explanation for the differen- 
tial effects of reinforcement delay across 
ages and across tasks may lie in the 
difficulty of individual items. In the 
present study, a list of 25 discrimination 
items could be learned in approximately 
the time required for 12 paired-associate 
items. Individual paired-associate items 
were more difficult than individual 
discrimination items, and perhaps did 
require greater attention and mental 
effort from the college Ss. Asa tentative 
hypothesis, then, perhaps the delay- 
retention effect appears only with a 
complex, demanding task. 


REFERENCES 


BRACKBILL, Y. The impairment of learning 
under immediate reinforcement. J. exp. 
child Psychol., 1964, 1, 199-207. 

BRACKBILL, Y., Bosrrrr, W. E., Davin, D., 
& WAGNER, J. E. Amplitude of response 
and the delay-retention effect. J. exp. 
Psychol., 1963, 66, 57-64. 

BRACKBILL, Y., Bravos, A., & Starr, R. H. 
Delay-improved retention of a difficult task. 
J. comp. physiol. Psychol., 1962, 55, 947- 
952. 

BRACKBILL, Y., Isaacs, R. B., & SMELKIN- 
son, N. Delay of reinforcement and the 
retention of unfamiliar, meaningless ma- 
terial. Psychol. Rep., 1962, 11, 553-554. 

BnackBiLL, Y., & Kappy, M. S. Delay of 
reinforcement and retention. J. comp. 
physiol. Psychol., 1962, 55, 14-18. 

BRACKBILL, Y., WAGNER, J., & Witson, D. 
Feedback delay and the teaching machine. 
Psychol. Schools, 1964, 1, 148-156. 

Kanrer, F. H., Braptey, M. M., & MAR- 
ston, A. R. Self reinforcement as a func- 
tion of degree of learning. Psychol. Rep., 
1962, 10, 885-886. 

Marston, A. R., & Kanrer, F. H. Human 
reinforcement: Experimenter and subject 
controlled. J. exp. Psychol., 1963, 66, 
91-94. 

UxnpERwoOD, B. J., & ScuuLz, R, W. Mean- 
ingfulness and verbal learning. New York: 
Lippincott, 1960. 


(Received August 25, 1964) 


Journal oj erimental Psychology 
1966, Val DE 2, 200-202 


EFFECT OF A COMPOSITE INSTRUCTIONAL SET 
ON RESPONSES TO COMPLEX SOUNDS! 


STANLEY J. RULE 
University of Alberta 
AND JOHN W. LITTLE 
Veneklasson and. Associates, Los Angeles, California 


72 Ss rated sounds under noisiness, annoyance, or composite instruc- 
tions. Composite instructions were instructions in which both noisiness 
and annoyance were used as terms, 4 factors of sound were investi- 
gated: (a) overall intensity, (b) fundamental tone frequency, (c) funda- 
mental tone intensity, and (d) overtone intensity. An analysis of the 
interactions between instructional set and stimulus variables supported 
the previous findings (Rule, 1964) that instructions set Ss to give 
different emphasis to stimulus factors. The data further indicated that 
the emphasis given to different stimulus factors under the composite 
instructional set was a compromise between the emphasis given under 


noisiness and annoyance sets presented independently. 


Previous research (Rule, 1964) in- 
dicated that the emphasis given to a 
sound dimension in a judgmental 
situation depended upon the par- 
ticular instructional set given to S. 
Three instructional sets were investi- 
gated : loudness, noisiness, and annoy- 
ance. The purpose of the present 
study was to investigate the effect of 
an instructional set which was a 
composite of two instructional sets, 
particularly noisiness and annoyance. 
One ‘of three possible effects was ex- 
pected: (a) the components of the 
composite set would sum to yield an 
emphasis greater than either com- 
ponent set alone; (b) the components 
of the composite set would average 
to yield an emphasis between the 
component sets presented individu- 
ally; or (c) one of the components 
would be dominant. 


METHOD 


T The same apparatus and stimuli described 
in the previous paper were used in the present 


1 This investigation was carried out while 
the authors were at the Boeing Company, 
Renton, Washington. 


study. Thirty-six pairs of sounds were 
recorded on tape and presented to Ss via 
earphones, The first sound in each pair was 
a broadband noise set at 76 db. SPL. The 
second sound in a pair was 1 of 36 complex 
sounds, consisting of a broadband noise with 
discrete tone components. The complex 
sounds were constructed on the basis of a 
$X3X2X2 factorial design. The four 
factors were overall stimulus intensity, 
fundamental tone frequency, fundamental 
tone intensity, and first overtone intensity, 
respectively. F 

Seventy-two Ss, drawn from engineering 
and secretarial personnel at the Boeing Com- 
pany, were divided into 12 groups of six Ss 
each. Conditions were assigned to Ss on the 
basis of a 3 X 4 factorial design. — The vari- 
ables were: (a) three instructional sets; 
noisiness, annoyance, and a composite set; 
and (5) four random orders of presentation. 

The Ss were run in groups of six. Each S 
received an 11-point rating scale. The 55 
were given noisiness, annoyance, or composite 
instructions. The Ss in the composite condi- 
tion received the following instructions: 


Today I want you to make judgments 
about the noisiness of sounds. By noisiness 
I mean how much the sounds seem to annoy 
you. When I finish the instructions you are 
to put on your earphones, I will turn on à 
tape recorder, and you will hear several 
Pairs of sounds. You are to judge the an- 
noyance of the second sound in each pair. 
Each of you has a rating scale. Notice 
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that each line is numbered from 1 to 11. 
Under No. 6 is written the word equal, 
, under No. 11 is written much greater, and 
No. 1 is much less. If the second sound in 
a pair is equally noisy as the first put an 
X on No. 6. If the second sound is noisier 
than the first put an X on 7, 8, 9, 10, or 11 
depending on how much more annoying it 
seems to be. If the second sound is less 
noisy put an X on 5, 4, 3, 2, or 1 depending 
on how much less. It is easiest if you 
consider each of these numbers as equal 
units of annoyance. The first sound is at 
Unit 6. Your job is to determine the unit 
of noisiness of the second sound. The 
sounds will be presented in this way ; 3 sec. 
of Sound 1, 2 sec. of silence, 3 sec. of Sound 
2, followed by 10 sec. of silence, during 
which you are to make your judgments. 

Use the first line for the first pair of 
sounds, the second line for the second pair, 
and continue on down the page using each 
line only once, Otherwise, I have no way 
of determining which pair of sounds your 
judgments represent. Are there any 
questions? (pause) 

Remember that you are judging the 
noisiness of sounds, the second sound in 
each pair, and to use each line only once. 
If you will put on your earphones I will 
begin the tape recorder. 


The noisiness and annoyance instructions 
are reported in Rule (1964). They were 
identical with the composite instructions with 
two exceptions, The second sentence was 
omitted and the appropriate grammatical 
form of either noisiness or annoyance was 
presented alone in each of the respective 
instructions. 


RESULTS AND DISCUSSION 


The data were taken directly from 
Ss'ratings. Standard deviations were 
computed for each of the 108 instruc- 
tional set-stimulus conditions. The 
mean and SD of the resulting distribu- 
tion of SD was 1.54 and .31, respec- 
tively. The data were analyzed by a 
split-plot analysis of variance. Two 
factors, the four orders of presenta- 
tion, and the three instructional sets 
were assigned to Ss; the levels of the 
four stimulus factors were assigned 
within Ss. 

Nodifferences were found among the 


four orders of presentation, F (3, 60) 
« 1.00, nor was the Order X In- 
structional Set interaction significant, 
F (6,60) < 1.00. The Order X Stim- 
uli and the Order X Instructional Set 
X Stimuli interactions were signifi- 
cant, F (105, 2100) = 1.86, p < .01 
and F (210, 2100) = 1.12, p < .05, re- 
spectively. The Order X Stimuli in- 
teractions (MS = 3.64) was used as 
the error term for the main stimulus 
effects and the interactions among 
stimuli. The error term for signifi- 
cance tests of the interactions among 
instructional sets and stimulus vari- 
ables was the Order X Instructional 
Set X Stimuli interaction (MS = 2.21). 

The findings for stimulus variables 
supported those of the previous study 
with the exception of the Funda- 
mental Tone Intensity X Overall In- 
tensity interaction which was not 
significant F (2, 105) = 1.19, p > .05. 

Of primary interest were the inter- 
actions between instructional sets and 
stimulus variables. The data relevant 
to the Instructional Set X Overall 
Intensity interaction are presented in 
Table 1. The findings indicated that 
the composite instructions functioned 
to set Ss to give an emphasis to 
overall intensity which was a com- 
promise between the emphasis given 
to the two instructional components 
presented alone. The ratings under 
each instructional set were directly 
related to the overall intensity; how- 


TABLE 1 


RATINGS OF OVERALL INTENSITY UNDER 
EACH INSTRUCTIONAL SET 


Overall Intensity 


Instructional Mean Rating amare 
cu Means 
70 db. | 75 db. | 80 db. 
Noisiness 3.49 | 5.02 | 8.78 4.68 
Annoyance | 4.39 | 6.20 | 8.43 2.72 


Composite | 3.99 | 6.56 | 8.89 3.94 
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ever, the variance of the means was 
greatest under the noisiness set and 
least under the annoyance set. The 
variance of the means under the 
composite set was between the values 
of the two component sets from which 
it was derived, F (4,210) — 15.06, 
p< 01. 

The data pertinent to the inter- 
action between instructional set and 
fundamental tone intensity are pre- 
sented in Table 2. The 24-db. tone 
received higher ratings under each of 
the instructional sets. The magnitude 
of the differences between funda- 
mental tone intensities indicated that 
the effects of the components of the 
composite instructional set averaged 
to yield results between those obtained 
under the noisiness and annoyance 
sets presented individually. The dif- 
ference between the 12-db. and 24-db. 
tones was greatest under the annoy- 
ance set followed in order by the com- 
posite and noisiness sets, F (2, 210) 
= 12.20, p < .01. 


TABLE 2 


RATINGS OF FUNDAMENTAL TONE INTENSITY 
UNDER EACH INSTRUCTIONAL SET 


Fundamental Tone 


Intensity 
Ub Mean Rating Diff. 
12 db. 24 db. 
Noisiness 5.92 6.20 .28 
Annoyance| 5.89 6.79 .90 
Composite 6.04 6.91 .87 
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TABLE 3 


RATINGS OF FUNDAMENTAL TONE FREQUE) 
UNDER EACH INSTRUCTIONAL SET 


Frequency 
Instructional Mean Rating Pers 
— r] Means’ 
500 cps | 1,700 cps| 6,100 cps 
Noisiness | 5.99 | 6.19 | 6.00 | .009 
Annoyance| 6.06 | 6.40 6.56 .044 
Composite | 6.34 | 6.64 6.45 .015 


frequency, presented in Table 3 
indicated a shift in emphasis towa 
the higher frequencies from noisin 
to annoyance instructional sets, a 
again the effect of the composi 
instructional set fell between that 
the two components. The data, ho 
ever, did not attain the usual level 
significance, F (4, 210) = 2.33, p < 10. 
No Instructional Set X Overtone 
Intensity interaction was found 
F (3, 210) < 1.00. d 
The data appeared to support the 
hypothesis that the emphasis given — 
under the composite set is a com- 
promise between the emphasis given 
under noisiness and annoyance sets 
presented individually. us 
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INTERMEDIATE SIZE DISCRIMINATION IN SEVEN- 


AND EIGHT-YEAR-OLD CHILDREN ! 


MICHAEL D, ZEILER anp ANN M. GARDNER 
Wellesley College 


Children (N = 176), from 7-8 yr. of age, learned to respond to the 
intermediate-sized member of a set of 3 stimuli. Immediately after 
training, a single test trial was given. With sets that consisted of 
stimuli separated by an area factor of 1.4, the test sets were 1-5 steps 
larger than the training set. With test sets composed of stimuli that 
differed by a factor of 1.96, the test sets were from 1.5 steps smaller to 1.5 
steps larger than the training set. There was a falling gradient of 
transposition for both types of stimulus sets with significant transposi- 
tion at a 4 step and significant transposition reversal with increased 


training-test difference. 
choice. 
have an effect on transfer. 


Recent analyses of transfer after Ss 
were trained to respond to the middle- 
sized member of a set of stimuli re- 
vealed two sequences of stimulus 
preference as the difference between 
the training and the test set was in- 
creased from one to five steps. With 
children below the age of 6, Zeiler 
(1963) found that the sequence was 
transposition at one step, choice of the 
test-set component most similar in 
size to the positive-training stimulus 
at two steps, and random choice with 
larger differences. However, Zeiler 
(1964) reported that adults responded 
on the basis of absolute size with a 
one-step difference between training 
and test and transposed with a be- 
tween-set difference of five steps. 
There is no theoretical formulation 


1 This investigation was supported in whole 
by Public Health Service Research Grant 
MH 08818-01 from the National Institute of 
Mental Health. The authors would like to 
express their appreciation to Ruth H. Morgan, 
Manhattanville Community Center and 
Sadie Mills, Neighborhood Children, both of 
New York City, and to Grace Mitchell, Green 
Acres Day School, Waltham, Massachusetts, 
and Donald Mapel, Meadowbrook Day 
Camp, Weston, Massachusetts for their 
Cooperation in making children available for 
this study. 


The ratio theory could account for test 
An explanation was offered for the failure of verbalization to 


that can explain either the basis of 
solution of the problem by adults or 
the discontinuity found between the 
young children and the older Ss. 

Evaluation of the stages by which 
behavior in the intermediate-size 
problem becomes modified from that 
typical of the young child to that 
characteristic of the adult may result 
in a clearer understanding of the 
relevant processes at all age levels. 
Studies of reversal- and nonreversal- 
shift problems (summarized by Kend- 
ler & Kendler, 1962) have shown that 
at age 7 behavior is more typical of 
that of adults than of younger chil- 
dren. "Therefore, in the attempt to 
trace the evolution of the basis of 
transfer from the level of the 4- and 
5-yr. old to that of the adult, the 
current experiment investigated the 
solution of the intermediate-size prob- 
lem by 7- and 8-yr.-old children. 


METHOD 


Subjects.—The Ss were 176 children from 
7 to 8 yr. of age from day care centers in New 
York City and day camps in the suburban 
Boston area. Each of the 11 experimental 
conditions had an N of 16. The Ss were 
assigned to conditions at random. 
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Materials.—The stimuli were 11 unpainted 
iin. Masonite squares. An indented area 
was cut in the underside of each block to 
conceal the goal object, a plastic chip. The 
blocks were designated in order of size with 
the numbers 1-11; Square 1 had a surface 
area of 2.04 sq. in., and the corresponding 
values for each successive block in the series 
increased by a factor of 1.4. Other materials 
were an unpainted Masonite screen and a 
table covered with black oilcloth on which the 
stimuli were displayed. 

Procedure, —All stimulus positioning, sub- 
stitution, and baiting were accomplished with 
the screen interposed between S and the 
blocks. The Ss were run individually. They 
were told that the chip would be hidden under 
one of the blocks and that they were to find 
it; an attempt was made to keep instructions 
toa minimum. The spatial order of presenta- 
tion of the three stimuli used on each training 
and test trial was varied on the basis of a 
predetermined random sequence. The stim- 
uli were presented simultaneously with their 
centers approximately lined up and their 
edges about 2 in. apart. Criterion was five 
successive choices of the intermediate-sized 
member of the training set. A noncorrection 
technique was employed throughout training. 
Upon attainment of criterion, the test set was 
substituted for the training set, none of the 
blocks was baited with a chip, and each S was 
given a single test trial with one test set. 
The S was not informed of any change be- 
tween training and test. 

Following the test trial, the ability of S 
to verbalize the concept of intermediate size 
was ascertained; E pointed to the middle- 
sized block of the test series and asked S what 
it wascalled. Also, it was determined whether 
S knew during training that the positive 
element was the intermediate-sized member 
of the set. 

Experimental groups—When sets were 
composed of stimuli of adjacent numbers 
(e.g., 2-3-4), the within-set stimulus difference 
was an area factor of 1.4. When sets were 
composed of stimuli of alternate numbers 
(e.g. 4-6-8), the within-set difference was 
1.96. Five groups were trained with Set 2-3-4, 
and each of these groups received one test set 
that ranged from one to five steps larger than 
Set 2-3-4. Six groups were trained with Set 
4-6-8, and each of these groups received one 
test set that ranged from 1.5 steps smaller to 
1.5 steps larger than Set 4-6-8 in half-step 
intervals. The specific test sets are shown in 
Table 1. 
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TABLE 1 


TRAINING AND Test SETS 


Steps 
Training Set | Area Factor} Between | Test Set 
and Test 
2-3-4 1.4 1.0 3-4-5 
2.0 4-5-6 
3.0 5-6-7 
4.0 6-7-8 
5.0 7-8-9 
4-6-8 1,96 1.5 1-3-5 
1,0 2-4-6 
5 3-5-7 
A] 5-7-9 
1.0 6-8-10 
1.5 7-9-11 
RESULTS 


There was no significant difference 
in trials required to reach criterion for 
the 11 groups, F < 1.00. The com- 
bined mean trials to criterion, includ- 
ing the five criterion trials, was 7.5. 

On the test trial, all but three Ss 
either transposed or chose the test-set 
component most similar to the block 
that was correct in training (trans- 
position reversal). The frequency of 
transposition for the 11 training-test 
combinations is shown in Fig. 1. In 
order for the frequency of transposi- 
tion to be significant at the .05 level, 
xX (1) > 3.8, at least 12 Ss had to 
respond to the middle-sized stimulus. 
Therefore, there was significant trans- 
position only for Test Sets 3-5-7 and 
5-7-9 which were separated from the 
training set, 4-6-8, by one-half step. 
When no more than four Ss transposed 
and all the other Ss in the group chose 
the test set component most similar to 
the position-training stimulus, trans- 
position reversal was significant at 
beyond the .05 level. Transposition 
reversal occurred with Test Sets 
6-7-8, 7-8-9, 1-3-5, and 5-7-9. 

The results of comparisons of the 
frequency of transposition between 
each group trained with 2-3-4 appear 


Í 


FREQUENCY OF TRANSPOSITION 
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IUe OSPT 2 3 4 5 
STEPS 


Fic. 1. Frequency of transposition for 
test sets following training with 2-3-4 (1.4) 
and 4-6-8 (1.96). (Steps below the 0 are 
smaller than the training set, steps above the 
0 are larger than the training set. Points 
above the horizontal dashed line indicate 
significant transposition at beyond the .05 
level.) 


in Table 2. There was significantly 
more transposition with Test Set 
3-4-5 than with any of the other four 
test sets that followed training with 
2-3-4. Table 3 shows the results 
of comparisons of transposition fre- 
quency between each group trained 
with 4-6-8. While Sets 3-5-7 and 
5-7-9 did not differ from each other, 
each of these test sets showed signifi- 


TABLE 2 


CHI-SQUARE VALUES: DIFFERENCES IN 
FREQUENCY OF TRANSPOSITION 


Test Set 
Test Set 
4-5-6 5-6-7 6-7-8 7-8-9 
3-4-5 | 4.50* | 6.14* | 8.14** | 6.14* 
4-5-6 16 .68 16 
5-6-7 Bt .00 
6-7-8 48 
Note.—Training set was 2-3-4, The df — 1 for 
each comparison. 
*p «.05. 
**» c .01. 


cantly more transposition than did 
any other test set. 

Comparisons between the sets that 
differed in area factor were limited to 
test sets one step larger than the train- 
ing set since this was the only training- 
test combination that was common to 
both sets of conditions. There was 
significantly more transposition after 
training with 2-3-4 (Test Set 3-4-5) 
than after training with 4-6-8 (Test 
Set 6-8-10), x? (1) = 4.5, p < .05. 

All of the Ss verbalized the concept 
of intermediate size and all indicated 
that they knew that the positive- 
training stimulus had been the middle- 
sized member of the training set. As 
a matter of fact, there was some 
difficulty in preventing children from 
telling other members of their class 


TABLE 3 
CHI-SQUARE VALUES: DIFFERENCES IN FREQUENCY OF ‘TRANSPOSITION 


Test Set 
Test Set 
2-4-6 3-5-7 5-7-9 6-8-10 7-9-11 

1-3-5 3.28 24,50*** 18.28*** 3.28 0.00 
2-4-6 1d dern 8.14** 0.00 3.28 
3.5.7 1.14 13.34*** 24.50*** 
5-7-9 8.14** 18.29% 
6-8-10 3.28 


Note.—Training set was 4-6-8. 
Hp <.01. 
"5 <.001. 


The df = 1 for each comparison, 
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or group that the secret of the game 
was to always look under the middle- 
sized block. 


DISCUSSION 


The sequential effects were consistent 
and orderly for both degrees of intraset 
similarity. There was a decreasing 
gradient of transposition that culminated 
in transposition reversal as the distance 
between the training and the test set was 
increased. As measured by test response 
at one step, the major effect of increased 
within-set differences was to make the 
transposition gradient fall more rapidly. 

The data failed to support Kuenne's 
(1946) hypothesis that transfer is medi- 
ated by relational principles in children 
capable of verbalization of these prin- 
ciples. A straightforward absolute con- 
ception (Spence, 1942), designed to deal 
with the behavior of animals, also cannot 
deduce the current data due to the 
incidence of transposition with the two 
test sets a half step removed from train- 
ing. In these cases, preference shifted 
between Stimuli 5 and 7 depending upon 
which was the middle-sized member of 
the test set. 

A formulation that can explain the 
current data is the ratio theory (Zeiler, 
1963). The ratio theory states that the 
perceived size of a stimulus is determined 
by the ratio of the stimulus area to the 
adaptation level (AL). In test, S will 
choose that stimulus that looks most like 
the positive-training stimulus, ie, the 
component that has the area/AL ratio 
most similar to that of the positive- 
training ratio. Since the ratio theory 
can deal with the behavior of 4- and 
$-yr-old children (Zeiler, 1963), and 
the transfer of 7- and 8-yr.-old children 
in the current study was similar to that 
of the younger age, the ratio theory can 
explain the behavior of these older Ss. 

The major discrepancy between the 
two age levels was that the older Ss in 
the current study showed systematic 
transposition reversal while the younger 
Ss of Zeiler's (1963) investigation chose 
randomly with test sets four and five 
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steps removed from training.  Zeiler 
(1963) showed that with an intraset area 
factor of 1.4 and test sets four or five 
steps larger than the training set, the 
ratio of the smallest test stimulus is most 
similar to that of the positive training 
stimulus. However, in these conditions 
all of the test stimulus ratios are larger 
than the positive-training ratio. Ap- 
parently, response in 7- and 8-yr.-old 
Ss was always determined by similarity 
of stimulus ratios, while below this age 
level, response was random whenever all 
of the test-stimulus ratios were either 
larger or smaller than the positive-train- 
ing ratio. Phrased somewhat differently, 
the range of stimulus equivalence on the 
basis of training-test ratio similarity was 
broader with older children. 

The current Ss were similar to adults 
(Zeiler, 1964) in their knowledge that 
the positive stimulus was the inter- 
mediate-sized member of the training 
set. However, this knowledge was 
measured by verbal responses to verbal 
stimuli produced by E after the test 
trial and had no behavioral counterpart 
in test response with the children. In 
contrast, adults provided objective evi- 
dence for the utilization of this knowledge 
when they transposed as long as there 
was minimal conflict between relational 
and absolute cues (with large differences 
between the training and test set). Since 
both the 7- and 8-yr.-old Ss of the 
current study and the adults of the 
earlier investigation verbalized the rela- 
tionship of middle size, the marked 
differences in stimulus preferences in test 
showed that verbalization per se was 
uncorrelated with test choice. If the 
verbal responses are associated primarily 
with the verbal cues that are presented 
after the test, this would explain why 
Posttest verbalization consistently has 
appeared to be irrelevant to transfer in 
the intermediate-size problem (Reese; 
1962; Rudel, 1957; Zeiler, 1963, 1964). 
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The hypothesis was tested that the increase in conditioned emotionality 


following a delay is related to th 
during acquisition, The GSR 
intertrial interval for 1 group, 


e dissipation of inhibition developed 
was conditioned using a Jj-min. 


a 2-min. interval for another group, 


and a 4-min, interval for a 3rd group. The j-min. group showed an 


increase after a delay, 


the 2-min. group, 


no change, and the 4-min. 


group, a decrease. When differences in base level among the groups 


were statistically controlled, the d 


ifferences still obtained. The results 


were interpreted as supporting the hypothesis, 


In a previous study (Golin, 1961) 
conditioned emotionality, as measured 
by the GSR, was found to increase 
after a delay following acquisition. 
Similar results (eg., Diven, 1937; 
Mednick, 1957) have been related to 
the clinical phenomenon commonly 
called the "incubation" of anxiety 
(White, 1964). Testing a suggestion 
by Mednick (1957) that incubation 
might be a result of recovery from 
adaptation, Golin (1961) found that 
the greater the adaptation of the GSR 
during acquisition, the greater the 
postdelay increase. It was therefore 
concluded that incubation may be 
considered a reminiscence-like phe- 
nomenon, i.e., a result of the dissipa- 
tion of inhibition developed during 
acquisition. The present experiment 
was designed to test this tentative 
explanation. Assuming that the 
amount of inhibition varies inversely 
with the length of the intertrial in- 
terval (Hull, 1943), it was hypothe- 
Sized that the shorter this interval 
during acquisition, the greater would 


* This research was Supported by a grant 


from the University of Wisconsin Graduate 
School. 


be the relative increase in emotionality 
following a delay. 


METHOD 


Subjects:—Thirty-nine male students were 
randomly assigned to one of three intertrial 
interval (ITI) groups, 15 to a ]-min. group, 
12 toa 2-min. group, and 12 to a 4-min. group. 

Apparatus.—The GSR was recorded as a 
change in conductance by an Esterline-Angus 
recorder through a Hunter GSR amplifier 
circuit. The recording procedure has been 
described previously (Golin, 1961). Shock, 
the UCS, was administered for 4 sec. through 
Copper electrodes attached to the middle 
finger and palm of the left hand by means of a 
Harvard Inductorium connected to a 1.5-v. 
dry cell. Time intervals and durations of 
Stimuli were controlled by decade-type 
interval timers. 

Procedure.—After seating S, GSR and 
shock electrodes were attached and S was told 
that his Physiological reactions to stimuli 
would be measured. Three preliminary trials 
were then given during which the CS, a 7-w. 
red light of 3-sec. duration was followed 10 
sec. later by a 3-sec., 25-w. white light. The 
ITI during Preliminary trials was 1 min. for 
all Ss. After informing S that the CS would 
be followed either by a shock to the left hand 
or by the white light, eight acquisition trials 
were given with the CS followed by shock on 
all but Trials 3 and 7. The CS-UCS interval 
was 10 sec. The ITIs were $ min., 2 min., 
and 4 min, respectively, for each of the 
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groups. Base level prior to CS onset and 
GSR during the 10-sec. CS-UCS interval were 
recorded for each preliminary and acquisition 
trial. 

Following acquisition S was removed from 
the experimental situation for a 30-min. delay 
period during which he solved concept- 
formation problems. After this delay S was 
again placed in the experimental situation, 
GSR and shock electrodes were attached, and 
the CS was presented, followed 10 sec. later 
by the white light. As before, base levels and 
GSR were recorded. 


RESULTS 


The GSR was measured as the 
square root of the change in con- 
ductance occurring between CS onset 
and UCS onset, a measure previously 
employed in the study of conditioned 
emotionality (Golin, 1961; Lacey, 
Smith, & Green, 1955). 

Analyses of variance of the pre- 
liminary trial data and data of Trial 1 
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of acquisition showed no significant 
differences among the three ITI 
groups (Fig. 1). The groups were 
thus shown to be equally reactive 
prior to the introduction of the ex- 
perimental treatment. 

Analysis of variance of the GSR 
data of the eight acquisition trials as 
a function of ITI and Trials showed a 
significant main effect of ITI, F (2, 36) 
= 3.77, p < .05. Further analysis 
by means of ¢ tests demonstrated a 
significantly greater mean GSR for 
the 4-min., ¢ (25) = 2.13, p < .05, 
and 2-min., ¢ (25) = 2.50, p < .02, 
groups relative to the }-min. group. 
The mean GSR amplitude is illus- 
trated in Fig. 1. A significant ITI 
X Trials interaction, F (14, 252) 
= 2.82, p < .001, led to investigation 
of the effects of trials for each of the 
ITI groups. A test of the significant 
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trials effect found for the 4-min. 
group by the Newman-Keuls method 
(Winer, 1962) showed significant dif- 
ferences between Trial 1 and each of 
the seven other acquisition trials and 
between Trials 3 and 8 of acquisition. 
These results provided evidence for 
learning as well as for a decline in the 
GSR for the 4-min. group (Fig. 1); 
no learning could be demonstrated in 
the acquisition data of the 2-min. and 
$-min. groups. 

To test the hypothesis that the in- 
cubation effect is a function of the 
ITI during acquisition, the GSR data 
of the last trial (Trial 8) of acquisition 
and the postdelay trial were examined 
by an analysis of variance which 
showed a significant ITI X Delay in- 
teraction, F (2, 36) = 14.55, p < .001. 
Analysis of this interaction by means 
of ¢ tests demonstrated, as can be seen 
in Fig. 1, a significant increase from 
acquisition to postdelay for the i-min. 
group, a significant decrease for the 
4-min. group, and no significant 
change for the 2-min. group. The 
incubation effect was thus shown to 
be a function of the ITI during 
acquisition. 

Since the mean GSR of the i-min. 
group was less than that of the 2- and 
4-min. groups during acquisition, the 
hypothesis that changes over the 
delay were related to level of respond- 
ing during acquisition was tested. 
The Ss within each of the ITI groups 
were divided at the median with 
respect to their level of responding 
during acquisition into two groups, 
high (N — 19) and low (N = 20)? 
responders. Comparison of these 
groups revealed that changes as a 
function of delay were not related to 
level of responding during acquisition. 

An analysis of variance of base level, 

*The S at the median within the }-min. 
group was assigned to the low-responding 
group on a chance basis, 
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measured in resistance units, showed 
a significant decrease from preliminary 
training to the end of acquisition for 
the 2- and 4-min. groups but no 
change for the }-min. group. To de- 


termine if differences among the ITI ` 


groups were related to base-level 
differences, covariance analyses (cf. 
Winer, 1962, p. 606) of both the 
acquisition and postdelay data with 
the GSR as the criterion and base 
level as the covariate? were carried 
out. As can be inferred from Fig. 1, 
in which the adjusted means have 
been plotted, the covariance results 
were similar! to those obtained in the 
analyses of variance described above. 
It was thus shown that the GSR re- 
sults could not reasonably be attrib- 
uted to base-level differences. 


Discussion 


The results showed an increase in 
emotionality over the delay for the 
}-min. group, a decrease for the 4-min. 
group, and no significant change for the 
2-min. group. The increase for the 
3-min. group, the incubation effect, is 
consistent with the results of an earlier 
study (Golin, 1961) in which a }-min. 
ITI was also used. The findings, then, 
demonstrated an incubation effect which 
was related to acquisition ITI. On the 
assumption that the development of 
inhibition is a function of ITI length 
(Hull, 1943), the results are consistent 
with the hypothesis that the incubation 
effect is a result of the dissipation of the 
inhibition developed during acquisition. 


* The covariance analyses took into account 
both the between-Ss and within-Ss correla- 
tions between GSR and base level. The 
analyses were based on the assumption that 
the between-Ss and within-Ss regression 
coefficients were not necessarily homogeneous. 

‘The covariance analyses, in effect, in- 
creased the differences among the groups. 
It is interesting to note that unlike the usual 
Positive correlation between base-level resist- 
ance and GSR conductance, correlating the 
means of the three ITI groups indicated à 
negative relationship. 
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This interpretation further implies that 
the relatively low level of responding and 
lack of evidence for learning during 
acquisition within the }-min. group 
reflected the effect of inhibition. 

Two alternative interpretations were 
suggested by the data. The level of 
responding of the i-min. group during 
acquisition was less than that of the 
other two groups. Comparison of high 
and low responders, however, showed 
that the incubation effect was not a 
function of level of responding, per se. 
In addition, the hypothesis that the 
results were related to differences in base 
level, or activation (Duffy, 1951; Malmo, 
1957), was tested. Though the usual 
correlations between GSR reactivity and 
base level were found, the covariance 
analyses indicated that the results could 
not reasonably be attributed to base- 
level differences. 

The inhibition interpretation accounts 
for the postdelay increase shown by the 
l-min. group but fails to explain the 
decrease shown by the 4-min. group. 
No obvious explanation is indicated from 
the present data but the decrease shown 
by the 4-min. group may have repre- 
sented a continuation of the decline 
shown by this group during acquisition. 
The variables involved in this often noted 
(e.g., Bitterman & Holtzman, 1952; 
Moeller, 1954) acquisition decline are not 
clear but the inhibition interpretation of 
the incubation effect implies that the low 
level of responding shown by the j-min. 
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group and the decline shown by the 
4-min. group are the result of different 
factors. 
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CONSCIOUS MEDIATING PROCESSES 
IN A PROBLEM-SOLVING TASK ! 


LEONARD S. STEIN 
Duke University 


This study investigated the role of conscious mediating processes in the 
solution of a word-number association task. Undergraduate nursing 
students were reinforced for number responses which were 1 less than 


the number of letters in the stimulus words. 


Ss' awareness of the con- 


tingency of reinforcement was assessed by means of a probability 
analysis. At the beginning of the experiment, Ss in all groups con- 
sciously mediated a significant number of their responses with hy- 


potheses relating the numbers to 


the word lengths. Control group Ss 


were extinguished in their use of these hypotheses, Ss in the Successful 
group used them increasingly until just prior to criterion, and accurately 
verbalized the reinforcement contingency upon reaching criterion. No 
evidence for learning without awareness was found. 


A number of investigators (Hirsch, 
1957; Philbrick & Postman, 1955; 
Sassenrath, 1959, 1962) have em- 
ployed a Thorndike (1933) word- 
number association task to demon- 
strate the unconscious automatic 
effect of rewards in human learning. 
However, for reasons mentioned be- 
low, the findings of these experiments 
are somewhat equivocal. The pur- 
pose of the present experiment was to 
determine whether evidence for learn- 
ing without awareness would remain 
when appropriate methodological re- 
finements were introduced. It was 
hypothesized that: 

1. Control Ss would attain a sig- 
nificantly greater number of Correct 
responses than would be expected if 
they were responding randomly, due 
to their use of partially correct hy- 
potheses (PCHs) in attempting to 
formulate a cognitive principle for 
their responses (Bruner, Goodnow, & 


! This paper is based on a thesis submitted 
to the Psychology Department of Duke 
University in partial fulfillment of the re- 
quirements for the MA degree, The writer is 
grateful to Robert C. Carson for his dedicated 
supervision throughout the course of the 
study, and to Suzanne F, Cook for serving 
as the second rater. 


Austin, 1956; Dulany, 1961). The 
criterion of learning in the studies 
cited above was based on the a priori 
assumption that Ss would respond 
randomly until they learned to match 
the numbers with stimulus words. 

2. Any performance gains which 
occurred prior to correct verbalization 
of the principle could be accounted 
for by (a) comparing Ss’ performance 
with that of a more appropriate con- 
trol group than has heretofore been 
employed, (5) utilizing a more precise 
definition of awareness, and (c) as- 


sessing more carefully the effects of 
PCHs. 


METHOD 


Subjects.—The Ss were 42 undergraduate 
nursing students enrolled in the introductory 
psychology course at Duke University. They 
received credit toward meeting a course re- 
quirement for Participating. 

Procedure and apparatus.—The procedure 
and instructions used by Sassenrath (1962) 
for his training trials were employed, and were 
augmented with a number of refinements. 
After engaging in a brief conversation with S, 
E read her the following instructions: 


I have prepared a list of words and have 
Paired a number with each word. I have 
used numbers from one through nine. | 
have the numbers written on a paper on 
which I shall record your responses, It isa 
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long list and I shall go through it only once. 
Try to give your responses as quickly as 
you can. To begin with you may not get 
many responses right. 

Now, I am interested in the number- 
response which you learn to give each word 
as a function of my saying "Right" or 
"Wrong" aftereachresponse. Arethereany 
questions? [If there were, E simply re- 
peated the appropriate instructions. ] 


The stimulus words used by Sassenrath 
(1962) for his Experimental group were then 
presented to S one at a time from behind an 
opaque screen which contained a slot and 
holder for the 4 X 6 in. cards on which the 
words were typed. There was a total of 162 
words, arranged in 18 blocks of 9 words each. 
The words varied in length from 2 to 10 
letters, and each block contained 1 word of 
each length in random order. At the end of 
each trial block, Ss were asked "Upon what 
basisare you responding?" Sassenrath (1962) 
stated that this question reinforces the ‘‘in- 
tentional set to learn [p. 414]" conveyed by 
the instructions. A standard order of pres- 
entation of the words was employed with all 
Experimental and Control Ss. 

Experimental group Ss (N = 30) were 
systematically reinforced by E's saying 
"Right" after each number response which 
was equal to the number of letters in the 
stimulus word minus one, e.g., STIRRUP—6, 
LAY—2, etc. After all other number re- 
sponses, E said "Wrong." Control group Ss 
(N = 12) were randomly reinforced for one 
word out of each trial block in order to control 
for any nonspecific effects of the reinforce- 
ment. This rate of reinforcement was 
considered to be the closest possible a priori 
approximation to the rate at which experi- 
mental Ss would be reinforced at the begin- 
ning of the experiment. The reinforcement 
immediately followed Ss’ responses, and the 
stimulus word was removed from their view 
3sec.later. Word-number combinations were 
not repeated back to Ss. 

For the Experimental group, presentation 
of the stimulus words was terminated either 
after an S had given four or more correct 
responses on 2 consecutive trial blocks, or in 
the event that this did not occur, at the end 
of the 18 trial blocks. This criterion of 
learning was used by Sassenrath (1962). 
Control Ss were presented the entire list 
regardless of their performance. 

Upon completion of the learning task, 
each S was read the following statement, 
which introduced a postexperimental inter- 
view: 
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Now I'd like to ask you some questions 
about what you've just done. In answering 
these questions, it is important that you 
think back to when you were going through 
the cards, and that you be as specific as 
you possibly can about exact points during 
the experiment. Please excuse the con- 
tinued presence of the partition, which will 
have to remain between us for the purpose 
of experimental control. 


The purpose of the interview was to 
maximize the amount of information attained 
concerning Ss’ conscious mediating processes 
during the experiment. Following the inter- 
view, all Ss were asked, “What did you hear 
about this experiment before participating 
init?" A brief explanatory passage was then 
read, and Ss were asked not to discuss the 
experiment with their classmates. 

Judgment of consciously mediated responses. 
—For the purposes of this experiment, a 
PCH was defined as any rule which, if 
correctly applied, would raise above chance 
level the probability of deriving a correct 
number froma stimulus word. This definition 
was used by two independent raters in order 
to determine which correct number responses 
were derived from such hypotheses. The 
raters judged responses on the basis of Ss’ 
answers to the question asked at the end of 
each trial block and to the postexperimental 
interview. They were instructed to classify 
number responses as having been mediated by 
PCHs only when (a) the Ss’ answer made 
explicit the word-number combination in- 
volved; (b) the principle which S reported 
using stated a relationship between some 
quality of the word (e.g., number of letters 
or syllables, position of first letter in alphabet, 
etc.) and the number associated with it; and 
(c) the principle would lead to the same 
number regardless of who applied it, For 
each S, a correlation coefficient was computed 
to compare the two raters' judgments of the 
number of correct responses per trial block 
which were consciously mediated. The mean 
value of these coefficients for all Ss indicated 
that interrater reliability was very high 
(# = .92; 2’ transformation performed), 


RESULTS AND Discussion 


The performance of all Ss was 
evaluated twice, first including and 
then excluding every correct response 
which Ss were judged to have con- 
sciously derived from the stimulus 
word by means of a correct hypothesis 
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or PCH. However, it was noted that 
each response which would have been 
eliminated by the rigid application of 
this procedure may have been right 
by chance had it not been consciously 
mediated. Therefore, 11% of the re- 
sponses which would otherwise have 
been eliminated were not, since chance 
rate when Ss did not use correct hy- 
potheses or PCHs was assumed to 
be approximately .11 (one ninth). 
"These responses were chosen randomly 
Írom appropriate groups and trial 
blocks. 

Performance of the control group.— 
The Control group attained a mean 
of 1.20 correct responses per trial 
block. A t test comparing this mean 
with the hypothetical mean of 1.00 
indicated that the performance of the 
Control Ss was significantly greater 
than the previously assumed chance 
rate, £ (11) = 2.13, p < .05. A trend 
analysis (Winer, 1962) indicated that 
there were no significant differences 
between trial blocks, F (17,187) — 1.01, 
b 2.05. When correct responses de- 
rived from PCHs were eliminated, the 
Control group attained a mean of 1.05 
correct responses per trial block, 
which was not significantly different 
from the previously assumed chance 
rate. Thus, the first hypothesis was 
confirmed. It would appear that .Ss 
given random reinforcement on the 
Thorndike word-number association 
task employed in this experiment 
consciously mediate their responses, 
and that a significant number of the 
hypotheses they use relate the number 
responses to the lengths of the stim- 
ulus words. Furthermore, the nega- 
tive results of the trend analysis 
suggest that this tendency was not 
learned in the experiment, but existed 
prior to it. 

Performance of the unsuccessful 
group.—Seven of the 30 Experimental 
Ss did not"reach the criterion of four 
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or more correct responses in two 
consecutive trial blocks. "These Un- 
successful Ss nonetheless attained a 
mean of 1.44 responses per trial block. 
Since these Ss were systematically 
reinforced for giving correct responses, 
whereas the Control Ss were merely 
randomly reinforced, it was expected 
that any difference which occurred 
between the performance of the two 
groups would be in the direction of 
more correct responses in the Un- 
successful group. A one-tailed ¢ test 
was therefore employed, and the 
difference between the groups was 
significant, ¢ (17) = 1.74, p = .05. A 
trend analysis (Winer, 1962) indicated 
that there were no significant differ- 
ences between trial blocks, F (17, 102) 
= .53, p > .05. When correct re- 
sponses derived from PCHs were 
eliminated, the Unsuccessful group 
attained a mean of 1.12 correct re- 
sponses per trial block. The perform- 
ances of the Unsuccessful and Control 
groups were no longer found to be 
significantly different when the effect 
of PCHs was controlled. It was 
therefore concluded that the superior 
performance of the Unsuccessful Ss 
was due to their more frequent use of 
PCHs. 

The effects of reinforcement on Ss’ 
use of PCHs.—Since the Unsuccessful 


and Control groups were given the $ 


same instructions and exposed to 
highly similar experimental condi- 
tions, it seemed unlikely that these 
groups would differ significantly in 
the frequency with which they used 
PCHs in the first part of the experi- 
ment. Separate tests for linear trend 
were therefore performed on the 
number of PCHs used by the two 
groups. The Unsuccessful Ss were 
not found to vary significantly across 
trial blocks in the number of PCHs 
they used, while a significant negative 
linear trend was found for the Control 


MEDIATING PROCESSES IN PROBLEM SOLVING 


group, F (1,33) = 13.06, p < 01. 
These findings suggest that Ss in both 
groups began using PCHs at the out- 
set of the experiment, that Ss in the 
Unsuccessful group continued using 
them, and that the Control group Ss 
were extinguished in their use of 
PCHs during the course of the experi- 
ment (see Fig. 1). A cognitive theory 
of learning, focusing on Ss’ use of 
conscious mediating processes, would 
appear to have greater explanatory 
power with respect to the significant 
difference between the performances 
of the two groups than would a theory 
of automatic strengthening of re- 
sponses (Campbell, 1954; Spielberger 
& Levin, 1962). 

Performance of the successful group. 
—All of the 23 Successful Ss ver- 
balized the correct principle upon 
reaching criterion. Any evidence for 
learning without awareness would 
therefore have to be limited to the 
precriterion performance of the Suc- 
cessful group. Since Ss reached 
criterion after varying numbers of 
. trial blocks, the data were Vincentized 
(Munn, 1950) so that each S's per- 
formance contributed equally to each 
of four data points. Besides the 
criterion blocks, the block immedi- 
ately preceding criterion was omitted 
from the analysis because 5s were not 
free to obtain as many correct re- 
sponses during that trial block as in 
previous ones. Including this trial 
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Fic. 1. Mean number PCHs per trial block 
for 12 Control 5s and 7 Unsuccessful Ss. 
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Fic. 2. Mean number correct responses 
per Vincent Quarter for 12 Control Ss and 12 
Successful Ss prior to criterion. 


block in the analysis could have 
artificially lowered Ss' scores in the 
fourth Vincent quarter, and biased 
the results against the hypothesis of 
learning without awareness prior to 
criterion. 

The Ss who took less trial blocks to 
reach criterion minus one trial block 
than there are Vincent blocks (i.e., 
Ss for whom scores were available 
only for the first three trial;blocks or 
less) were omitted from the analysis. 
It has been stated that the inclusion 
of these Ss might reduce the reliability 
of the data, since it would necessitate 
in such cases the use of less than one 
complete trial block to determine each 
quartile mean. In order that the 
performance of the Successful group 
might be compared with that of the 
Control group, the performance of the 
Control Ss was divided into four 
quarters of 4.5 trial blocks each. 

The precriterion performance of the 
12 Successful Ss for whom scores were 
available on at least four trial blocks 
is presented, along with the perform- 
ance of the Control group, in Fig. 2. 
These data were analyzed by means of 
Grant's extension of Alexander's test 
for trend (Grant, 1956). The test 
indicated that there was a significant 
between-groups quadratic trend 
F (1,22) = 5.44, p < .05; the per- 
formance of the Successful group was 
significantly greater during the second 
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and third Vincent quarters than dur- 
ing the first and last, while the per- 
formance of the Control group did not 
follow this pattern. 

A significant between-individual 
means effect, F (22,66) = 1.69, p <.05, 
confirmed earlier findings (Hirsch, 
1957; Philbrick & Postman, 1955; 
Sassenrath, 1959, 1962) concerning 
the reliability of the performance 
measure used. 

The precriterion performance of the 
Successful and Control groups, omit- 
ting correct responses derived from 
correct hypotheses or PCHs, .is pre- 
sented in Fig. 3. The data in this 
form were again analyzed by means of 
Grant's extension of Alexander's test 
for trend. The between-groups quad- 
ratic trend was no longer found to be 
significant. It should be noted that 
the results of both Grant analyses are 
based on raw data rather than log- 
arithmic transformations, since a test 
for homogeneity indicated that the 
within-group variances across trial 
blocks for Ss in all groups did not 
differ significantly. Analyses per- 
formed on scores derived from log- 
arithmic transformation of the data 
yielded only one divergent result with 
regard to significance levels: In the 
Grant analysis performed on trans- 
formed data (after omission of correct 
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Fic. $. Mean number correct responses 
per Vincent quarter for 12 Control Ss and 12 
Successful Ss prior to criterion, omitting 
correct responses derived from PCHs, 


LEONARD S. STEIN 


responses derived from PCHs), the 
between-group means effect was sig- 
nificant, F (1,22) = 4.38, p .05, 


indicating that the performance of the : 


Control Ss was significantly greater 
than that of the Successfuls. 
finding, however, was due to an arti- 
fact; the mean number of correct 
responses per Vincent quarter remain- 
ing for the Successful Ss after omission 
of correct responses derived from 
PCHs was very low, because a large 
portion of the performance of these Ss 
was consciously mediated (see Fig. 3). 

Successful “group Ss- showed ini- 
tial consciously mediated performance 
gains which they maintained until 
just prior to criterion. At this point, 
their performance decreased signifi- 
cantly, and then rose sharply. Phil- 
brick and Postman (1955) commented 
on a similar finding: “Many protocols 
show periods of gradual improvement 
leading to a high level of correct 
responses, followed by a period of 
decline [p. 422]." These authors sug- 
gested that the decline may have 
represented Ss’ giving up of PCHs, 
Which by definition were not con- 
sistently reinforced. It is possible, 
though, that Philbrick and Postman's 
Ss were testing out their hypotheses 
by using alternative ones during the 
periods of decline. If Ss in the present 
study were trying out alternative 
rules, E's saying “Right” would have 
been a punishment rather than à 
reward (Spielberger, Levin, & Shep- 
ard, 1962), and the number of ‘‘cor- 
rect" responses obtained by Ss, i. 
the number of responses given which 
led to E's saying "Right," would not 
have accurately reflected the learning 
process (Duncker, 1945). 

With the exception of the artifact 
mentioned, the only significant differ- 
ence remaining after omission of 
Correct responses derived from PCHs 
was not between the two groups, but 


This | 


H 


[L 
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between the means of individual Ss, 
F (22, 66) = 2.50, p < .01, again con- 
firming the reliability of the perform- 
ance measure used. Thus, the second 
hypothesis was also confirmed. No 
evidence for learning prior to criterion 
remained when the effects of con- 
sciously mediated responses were 
controlled. 
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FORMATION, MAINTENANCE, GENERALIZATION, AND 


RETENTION OF RESPONSE HIERARCHIES ! 


ALBERT E. GOSS anp NANCY J. COBB 
University of Massachusetts 


Maintenance of response hierarchies established by divergent paired- 
associates (PA) units with relative percentages (RP) from 50-50 to 
90-10 was tested in the acquisition context by trials with stimulus 
members alone in 1 experiment and by such trials with additional 
stimulus members and with additional divergent PA units in another 
experiment. Generalization was tested by trials with stimulus members 
alone in a different context, and retention was tested by administering 
trials in the same and different contexts immediately and 24 hr. after 
acquisition, Across units for groupsof Ss, hierarchies remained stable for 
the various combinations of test conditions. For individual units for in- 
dividual Ss, hierarchies were obtained for 3 or 4 units for up to 60% of 


the Ss; the numbers decreased with changes in RP from 50-50. 


The objective of the two experi- 
ments reported here was to test the 
stability of response hierarchies es- 
tablished in an experimental situation. 
Defining a response hierarchy as 
alternate occurrence of responses to a 
stimulus, hierarchies were established 
by means of divergent paired-associ- 
ates (PA) units in which alternative 
response members occurred on P% 
and 1 — P% of the trials. In both 
experiments, relative percentages of 
occurrence of the alternative response 
members (RP) were varied. Hier- 
archies were specified both across all 
units for groups of Ss and for indi- 
vidual units for individual Ss. 

One reason for testing the stability 
of experimentally established hier- 
archies was to determine the effects 
of RP on those hierarchies under 
conditions different from those in 


1 Part of a program of research on paired- 
a learning under variations in occur- 
rences response members supported b: 
Contracts 2691 and 3357 Leen the Train. 
ing and Personnel Branch of the Office of 
Naval Research and the University of 
Massachusetts. Nancy C. Farrick aided in 
gathering the data; she and Helen L. Rowell 
aided in analyzing the data and in the 
preparation of this article, 


which the hierarchies had been estab- 
lished. A more important reason was 
that information about the stability 
of experimentally established response 
hierarchies is prerequisite to effective 
planning and execution of experiments 
in which such hierarchies are to be 
employed to investigate other phe- 
nomena. For example, the one or 
more particular responses of response 
hierarchies can be considered as 
substantially the connotative meaning 
of a stimulus and the number of 
responses in the hierarchy, regardless 
of their form, as its meaningfulness 
(Goss, 1963; Noble, 1963). Experi- 
ments on effects of experimentally 
established meaning and meaningful- 
ness presume relative stability of those 
response hierarchies (Noble, 1963). : 
For example, also, when changes in 
associations occasioned by presenting 
stimuli in compounds rather than 
alone, or the converse, are of interest, 
hierarchies which meet certain à 
priori requirements may be desired. 
A priori requirements cannot be met 
efficiently, however, without prior 
determination of effects of different 
variables on the extent to which hier- 
archies can be established and on their 
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subsequent stability. That such de- 
terminations be made following ac- 
quisition with divergent PA units is 
particularly important since the di- 
vergent PA unit is the most direct 
arrangement for establishing meaning 
and meaningfulness of stimuli in an 
experimental situation. 

In the first experiment, stability of 
the response hierarchies was tested in 
three ways. The first way was by 
omission of the response members and 
continued presentation of the stimulus 
members alone in the apparatus 
(same) context in which the hier- 
archies had been established. The 
second way was presentation of the 
stimulus members alone in a booklet 
context with S-paced responses. The 
third way was administration of these 
trials with stimulus members alone 
in the same and different contexts 24 
hr. after as well as immediately after 
formation of the hierarchies. Tested, 
therefore, were maintenance of the 
response hierarchies in the same con- 
text, their generalization to the same 
stimuli in a different context, and 
their retention in the same and 
different contexts. 

In the second experiment, stability 
of the response hierarchies was tested 
in the same three ways and in a 
fourth way. The latter involved 
three test conditions, one of which 
was continued trials in the same and 
different contexts with only the orig- 
inal stimulus members alone. In 
the same context, responses were E 
paced; in the different context, re- 
sponses were S paced. Another test 
condition was continued trials in the 
same and different contexts with the 
original stimulus members alone plus 
four new stimulus members alone. 
The third condition was continued 
trials in the same context with the 
original stimulus members alone plus 
four new divergent units followed by 
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trials in the different context with the 
original and new stimulus members 
alone. 


EXPERIMENT I 
Method 


Design.—The RP during the 80 trials for 
formation of the hierarchies were 50-50, 60-40, 
70-30, 80-20, and 90-10. Either 2 sec. or 
approximately 24 hr. after these trials, 
stimulus members alone were presented in the 
apparatus (same) and booklet (different) 
contexts in same-different or different-same 
orders. 

For efficiency in scheduling, all of the 
necessary Ss were run at the 2-sec. interval 
before any Ss were run at the 24-hr. interval. 
No other differences between the two groups 
which might have differential effects could be 
identified. 

List-—The list consisted of the four 
divergent PA units employed previously by 
Goss and Sugerman (1961). The units were 
wom accompanied by TEX or LIK, RUF by 
DOL or CEN, FES by VIC or BAL, and NAV by 
HOB or SUR. These CVCs are of high mean- 
ingfulness and low formal similarity. 

TEX, DOL, VIC, and HOB all occurred on 
50%, 60%, 70%, 80%, or 90% of the pres- 
entations of their respective stimulus members 
and LIK, CEN, BAL, and SUR all occurred on 
50%, 40%, 30%, 20%, or 10% of the pres- 
entations of their respective stimulus mem- 
bers, or the converse. Thus, RP differed 
“between” lists rather than "within" lists 
with counterbalancing of which response 
members were the more frequent. Other 
details of the lists, including the manners of 
realizing the RP within each block of 10 trials 
and of determining the order of occurrences 
of the units, are described by Goss and 
Sugerman. 

Apparatus and procedure.—Each unit was 
presented at a 2:2-sec. rate by means of a 
Hunter cardmaster. The instructions were 
essentially those standard for PA learning, 
with anticipations spelled. The Ss were not 
informed of the alternation of response mem- 
bers of each unit. Each acquisition and 
postacquisition trial consisted of the presenta- 
tion of all four units. With the 2-sec. 
retention interval, no break occurred between 
acquisition trials and trials in which main- 
tenance and generalization of the response 
hierarchies were tested. For half of the Ss, 
immediately after the last unit had been 
presented on Trial 80, a sliding shield was 
moved in front of the left-hand shutter of the 
cardmaster to conceal occurrences of the 
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TABLE 1 


MEANS OF PERCENTAGES OF ANTICIPATIONS OF THE MORE FREQUENT RESPONSE MEMBERS 
FOR EACH OF THE COMBINATIONS OF RP, TRIALS AND CONTEXTS, 
ORDERS, AND RETENTION INTERVALS 


S-D Order D-S Order 
RP 
20 s D 20 S D 
0-50 
3 2 sec. 46.5* 46.1 47.8 45.9* 46.7* 46.4* 
24 hr. 46.2 47.3* 48.9 48.6 47.0 46.2 
60-40 
2 sec. 63.5 61.1 60.6 59.8 63.6 57.8 
24 hr. 57.6 50.2* 51.2 56.1 57.4 55.4 
70-30 
2 sec. 82.6* 79.0* 78.2 67.5 71.0 69.0 
24 hr. 81.0 82.8* 79.8 84.1* 75.2 73.1 
80-20 
2 sec. 88.4* 93.2* 81.8 89.2* 93.1* 83.8 
24 hr. 92.6* 88.5 85.8 90.4* 82.1 80.0 
0-10 
2 sec. 93.1 97.2* 97.2* 90.4 92.8 844 
24 hr. 92.1 96.3* 90.6 92.9* 91.1 84.1 


* Difference between percentage x anticipation of more frequent response members and their actual per- 


centages of occurrence significant at E 


response members, During each of the next 
40 trials in the same context, stimulus mem- 
bers were presented alone for 4 sec. with 
a 2-sec. interstimulus interval. 

Upon completion of the 40 trials in the 
Same context, stimulus members were pre- 
sented alone ina different context. This con- 
text was a booklet of 80 pages, on each of which 
one of the stimulus members alone appeared. 
The booklet might be considered a possible for- 
mat for a word-association test. The instruc- 
tions did not explicitly call for Ss to respond 
with the CVCs. Responses were written at a 
pace determined by Ss. 

For the other half of the Ss with the 2-sec, 
retention interval, stimulus members alone 
were presented in the different context and 
then in the same context. 

With the 24-hr. retention interval, after 
the 80 acquisition trials, Ss were excused and 
asked to return the next day at approximately 
the same time. When they returned, half of 
these Ss were administered the stimulus 
members alone in the same and then the 
different context; the other half of the Ss were 
administered the stimulus members alone in 
the different and then the same context. 

Subjects.—At the 2-sec. retention interval 
and also at the 24-hr. interval, the 10 com- 
binations of five RP and two orders of 
contexts were administered in eight counter- 
balanced cycles. At each interval, under- 
graduates from the course in introductory 


psychology were assigned to particular com- 
binations until there were eight in each 
combination. Thus, data are reported on 
160 Ss. 


Results 


The primary interest was hier- 
archies as established and their subse- 
quent stability, rather than the course 
of formation of the hierarchies. Ac- 
cordingly, percentages of anticipations 
of response members are reported 
only for the last 20 of the 80 acquisi- 
tion trials. Anticipations during these 
trials and during the trials in the same 
and different contexts were analyzed 
across all four units for groups of Ss 
and for individual units for indi- 
vidual Ss, 

Hierarchies across units for groups. 
—Except with RP of 50-50 and for a 
few Ss with other RP, the sums of 
percentages of anticipations of the 
more frequent and less frequent re- 
Sponse members were not system- 
atically or markedly below 100%. 
Therefore, means and analyses thereof 
are reported only for percentages of 
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anticipations of the more frequent 
response members, Shown in Table 1 
are the means of these percentages for 
the last 20 acquisition trials (20) and 
for trials in the same (S) and different 
(D) contexts in both the same- 
different (S-D) and different-same 
(D-S) orders 2-sec. and 24 hr. after 
formation of the hierarchies. In the 
analysis of variance on percentages 
of anticipations summarized in Table 
2, the 40 trials in the S context are 
treated as two blocks of 20 trials each. 
No systematic differences between 
blocks emerged. Therefore, the two 
blocks were combined in Table 1 as a 
single block of 40 trials. 

During the last 20 trials, percent- 
ages of anticipations were related 
directly to actual percentages. The 
direct relationship also obtained for 
trials in the S and D contexts at 
both retention intervals. The overall 
F (4,140) of 144.78 for RP was 
significant at p <.01. No inter- 
action involving RP was significant. 
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Disregarding the other variables, 
the mean for the last 20 trials was 
slightly but not significantly higher 
than the means for the two blocks of 
trials with stimulus members alone 
in the same context. All three means 
were sufficiently higher than the 
mean for trials in the D context to 
produce the significant F for trials and 
contexts, For tests after 2 sec., the 
means increased in the order D con- 
text « last 20 < S context; for tests 
after 24 hr. the order was D context 
< S context < last 20. These differ- 
ences can also be described in terms 
of retention intervals. During the 
last 20 trials, the mean for the 24-hr. 
combinations was slightly higher than 
the mean for the 2-sec. combinations. 
The means for the two blocks of trials 
in the S context and the mean for the 
trials in the D context were lower for 
the 24-hr. combinations than for the 
corresponding 2-sec. combinations. 
The differences among these differ- 
ences yielded an interaction of reten- 


TABLE 2 


ANALYSES OF VARIANCE ON PERCENTAGES OF ANTICIPATIONS OF THE MORE FREQUENT 
RESPONSE MEMBERS DURING THE Last 20 ACQUISITION TRIALS AND DURING 
TRIALS WITH STIMULUS MEMBERS ALONE IN THE SAME AND DIFFERENT 
Contexts FOR Exe. I and II 


Exp. I Exp. II 
Source 
df MS F df MS F 

Relative Percentages ( RP) 4 | 48,689.25 | 144.78** 3 | 51,145.29 | 111.21** 
Retention Tntéryal (D 1 236.44 1 707.22 1.54 
Order or Test Conditions (O-TC) 1 1,079.00 321 2 154.24 
RPXI 4 591.27 1.76 3 505.00 1.10 
RP x O-TC 4 442,59 1.32 
RP XIX O-TC 6 632.94 1.38 

Error (b) 140 336.30 168 459.91 
Trials and Contexts (C) 3 390.62 7.09** 2 24.54 
CXRP 12 79.26 1.44 6 214.09 2.40" 
CXL 3 149.30 2.71* 
Cx RP XI 6 238.83 2,68* 
C X I X O-TC 3 75.15 1.36 

Error (w 420 55.09 336 89.27 


Note,—Interaction Fs < 1.00 omitted. 
*p<.05, 
++p Z0, 
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tion interval with trials and test 
contexts significant at .05. 

None of the other interactions in- 
volving trials and contexts was signifi- 
cant. Hence, no further analyses of 
effects of one variable at different 
levels or combinations of levels of the 
other variables were undertaken. 

In each row of Table 1, percentages 
of anticipations of the more frequent 
response member can be compared 
with actual percentages of occurrence, 
With RP of 90-10, anticipations 
exceeded actual occurrences for 10 of 
12 combinations, the exceptions being 
for the D context in the D-S order 
at both retention intervals. The 
significance of these deviations was 
tested by /'s whose error terms were 
based on the SD for each particular 
combination. Four of the /'s for 
deviations above 90% were significant 
at .05 or less; the /'s for deviations 
below 90% were not significant. 
Four t's of 12 significant at .05 would 
occur by chance less than once out of 
100 of such events (Sakoda, Cohen, & 
Beall, 1954). 

For all 12 combinations with RP 
of 80-20, percentages of anticipations 
exceeded or equaled actual occur- 
rences; six /'s were significant at .05 
orless. With RP of 70-30, significant 
ts were obtained for 4 of the 10 
combinations for which percentages of 
anticipations exceeded actual occur- 
rences. The /'s for the two deviations 
below 70% were not significant. 

With RP of 60-40, anticipations 
were above 60% for 4 of 12 combina- 
tions and below 60% for the remain- 
ing 8. The only significant ¢ was for 
the mean of 50.2 obtained for anticipa- 
tions in the same context after 24 hr. 
With RP of 50-50, all of the percent- 
ages of anticipations were below 50%. 
Since these means were based on 
averages of anticipations of both 
response members, the extent to which 
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they are below 50% reflects occur- 
rences of omissions and other incorrect 
responses. Almost all were omissions, 
Although the deviations below 50% 
were small, due to low inter-S varia- 
bility, five of the /'s were significant 
at .05 or less. 

Hierarchies for individual units for 
individual Ss.—As RP change from 
50-50 to 90-10, means of percentages 
of anticipations might reflect 100% 
occurrence of anticipations of the 
more frequent response members for 
more units by more Ss and 100% 
occurrence of anticipations of the less 
frequent response members for fewer 
units by fewer Ss. Thus, hierarchies 
might obtain across units for groups 
of Ss, but might not obtain in the 
form of alternating responses to stimu- 
lus members for individual units for 
individual Ss. For this reason, the 
records of each S were examined to 
determine the extent to which hier- 
archies had been established and were 
stable for individual units for indi- 
vidual Ss. A hierarchy for an in- 
dividual unit was defined as percent- 
ages of occurrence of anticipations of 
both the more frequent and the less 
frequent member of each unit which 
equaled or exceeded half of the actual 
percentages of occurrence. Specifi- 
cally, for RP of 50-50, 60-40, 70-30, . 
80-20, and 90-10, the minimum per- 
centages were 25 and 25, 30 and 20, 
35 and 15, 40 and 10, and 45 and 5, 
respectively. 

Shown in Table 3 are the number of 
individuals for whom response hier- 
archies thus defined were obtained 
with each RP for three or four units 
during the last 20 trials and during 
trials in the S and D contexts at both 
retention intervals. Because no sys- 
tematic differences seemingly ob- 
tained, order of the contexts has been 
ignored. 

The Sutcliffe x? (4) of 27.42 for RP 
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TABLE 3 


NUMBER OF INDIVIDUAL Ss OUT OF 16 WITH 
Eacu or THE RP AT EACH RETENTION INTER- 
VAL, DISREGARDING ORDER OF CONTEXTS, FOR 
Wmuow HIERARCHIES WERE OBTAINED FOR 
‘THREE OR Four UNITS DURING THE LAST 20 
ACQUISITION TRIALS AND DURING TRIALS 
WITH STIMULUS MEMBERS ALONE IN THE 
SAME AND DIFFERENT CONTEXTS IN Exp. I. 


RP 20 E D 


N 
> 
= 
^a 

v o0 
m 
p 
m 


ra 
Ra 
= 

OF uo TR wa NO 


during the last 20 trials was significant 
at p < .01. Neither the x” (1) of .00 
for retention interval nor the x’ (4) of 
4.50 for the interaction of the two 
variables was significant. More Ss 
exhibited hierarchies with RP of 
50-50, 60-40, and 90-10 than with RP 
of 70-30 and 80-20. The pattern is 
consistent with the smaller deviations 
of anticipations from actual occur- 
rences with the former three RP than 
with the latter two RP obtained 
across units for groups of Ss. 

For trials in the same context, the 
x2 (4) of 28.54 for RP and the x? (1) 
of 5.75 for retention interval were 
significant at p < .01 and .02, re- 
spectively; but the x? (4) of 2.44 for 
their interaction was not significant. 
More Ss exhibited hierarchies for 
three or four units with RP of 50-50 
and 60-40 than with RP of 70-30 and 
above, and more Ss exhibited hier- 
atchies for three or four units after 24 
hr. than after 2 sec. In general, the 
absence of hierarchies with RP of 
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70-30 and above reflected 100% 
anticipation of more frequent response 
members. 

Relative to trials in the same con- 
text, for trials in a different context 
more Ss exhibited hierarchies with 
three or four units with RP of 60-40, 
80-20, and 90-10 to reduce the x? (4) 
for RP to a nonsignificant value of 
5.02. The significant x? (1) of 10.04 
(p < .01) for retention interval re- 
flected the larger number of Ss for 
whom hierarchies were obtained for 
three or four units after 24 hr. rather 
than after 2 sec. The shift was 
sufficient to produce a x? (4) of 10.16 
(p = .05) for the interaction of RP 
and retention interval. 

Disregarding RP, during the last 
20 trials hierarchies were obtained for 
three or four units for about half of 
the Ss tested after 2 sec. and after 
24 hr. During trials in the S and D 
contexts immediately after acquisi- 
tion, hierarchies were obtained for 
three or four units for only about one 
third of the Ss. During these trials 
24 hr. after acquisition, hierarchies 
were obtained for three or four units 
for slightly more than half the Ss for 
trials in the S context and for three 
fifths of the Ss for trials in the D 
context. In general, hierarchies were 
obtained for three or four units for 
more Ss with RP of 50-50 and 60-40 
than with RP of 70-30 and above. 

Hierarchies may be obtained for 
individual units for individual Ss 
during the last 20 acquisition trials 
but not for those same units during 
trials with response members omitted 
in the S context, in the D context, or 
both. Intra-S stability of hierarchies 
for the same individual units following 
changes in trials in the S and D con- 
texts was estimated by phi coefficients 
for strengths of associations between 
the presence or absence of hierarchies 
during the last 20 trials, during trials 
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in the S context, and during trials 
in the D context. These coefficients 
were computed for the three pairwise 
comparisons among trials and con- 
texts for each of the combinations of 
RP, retention interval (I), and order 
of contexts, Individual units and .Ss 
were pooled to yield Ns of 32 based 
on four units for the eight Ss in each 
combination. 

Table 4 presents the phi coefficients ; 


TABLE 4 


Pur COEFFICIENTS FOR RELATIONSHIPS BE- 

TWEEN PRESENCE OR ABSENCE OF HIER- 

ARCHIES FOR INDIVIDUAL UNITS FOR INDIVID- 

UAL Ss DURING THE Last 20 AcQuisrTION 

TRIALS AND DURING TRIALS WITH StimuLus 

MEMBERS ALONE IN THE SAME AND DIFFER- 
ENT CONTEXTS IN Exp. I 


RP 20-S 20-D s-D 
8-045) sel Peart 1 
50-50 
2 sec. 
ae We S9" | aise 
- -. .38 .65** 
24 hr. 
S.D 46* | 21 33 
NES S7 | 257** | 1008+ 
2 sec. 
$-D .68* | 22 A7 
Pe 32 33 45* 
T. 
Disk 2 4 
tam | Be | S 
70-30 j y 
2 sec. 
S-D -83** | 43% .52** 
nines -20 45 .42* 
S-D AT 22 .66** 
P is —.07 30 A5* 
2 sec, 
Se n. .03 41 
24 he i m seed 
-D A7 .33 E 
MS 49 .5g** .50** 
2 sec. 
S-D 27 20 20 
ue ag d 28 
S-D A5* .45* ++ 
DS | —io5 A5 de 
* 
EDEN 
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values of .35 and .46 were required for 
significance at .05 and .01, respec- 
tively. Seven of the 32 values for 
associations between the last 20-same 
(20-S) and the last 20-different (20-D) 
trials were significant at .05 or less, 
In contrast, 15 values for the associa- 
tions between the S-D trials were 
significant at .05 or less. Seven or 
more of 32 values significant at .05 
would be expected at p <.001 (Sakoda, 
Cohen, & Beall, 1954), Except for a 
slight tendency for more significant 
phis with RP of 50-50 and 60-40 for 
the last 20-S and the last 20-D trials, 
no marked relationships obtained be- 
tween magnitude of the phis and RP, 
retention interval, and order either 
alone or in combination. 


EXPERIMENT 11 
Method 


Design.—The RP during acquisition were 
50-50, 60-40, 70-30, and 80-20. Either 2 sec. 
or approximately 24 hr. after acquisition, 
further trials were administered in the ap- 
paratus (same) context with response mem- 
bers omitted (RMO), with response members 
omitted and four additional stimulus members 
(RMO + St), or with response members 
omitted and four additional divergent PA 
units (RMO + DPAU). The trials under 
these different test conditions were followed 
by trials in which both the original and addi- 
tional stimulus members were presented alone 
in the booklet ( different) context. 

Because order of contexts did not have à 
significant overall effect in Exp. I and was not 
involved in any significant interactions, this 
variable was not included. Again, for effi- 
ciency of scheduling, all of the necessary Ss 
were run at the 2-sec. interval and then at 
the 24-hr. interval. No other differences 
between the groups of possible differential 
significance could be identified. 

List.—The list employed for acquisition 
was that of Exp. I. For one of the additional 
test conditions, during the trials with stimulus 
members alone in the S and D contexts, HAZ 
(94), Pic (99), Grr (97), and pe (97) were 
introduced as new stimulus members. These 
CVCs have high Archer meaningfulness 
values, which are in parentheses, and are of 
low formal similarity to each other and to the 
four original Stimulus members, For the 
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other of the additional test conditions, these 
CVCs served as the stimulus members of new 
DPAU. HAZ was accompanied by wis (94) 
or yup (95), pic by wow (97) or Fuz (94), 
GIT by PAK (93) or REV (93), and DEL by YUM 
(97) or GAD (97). The new response members 
have high Archer meaningfulness values, 
which are in parentheses, and are of low 
formal similarity to each other and to the 
stimulus members and response members of 
the original DPAU. 

During each trial in the S and D contexts, 
occurrences of new stimulus members alone 
or of new DPAU were interpolated randomly 
among occurrences of the original stimulus 
members alone. The orders of the new 
stimuli or new units relative to each other 
were 20 of the permutations of four events. 

Apparatus and procedure.—The procedure 
for the 80 acquisition trials was that employed 
in Exp. I. Twenty additional trials were then 
administered in the same context under the 
RMO, RMO + St, or RMO + DPAU test 
conditions, 

The presence of the new stimulus members 
or DPAU doubled the number of stimuli/trial 
for trials in the S and D contexts. Therefore, 
to assure that Ss would finish within an hour, 
only 20 trials were administered in the S 
context and stimulus members alone were 
presented for only 10 trials in the booklets. 
Inspection of responses to stimulus members 
alone in booklets in Exp. I disclosed no 
systematic differences in responses during the 
first 10 and last 10 trials. In order to preserve 
the possible format of a word-association test, 
only stimulus members of the new divergent 
units were presented in the booklets. 

Subjects and experimenters.—Different 
groups of undergraduates from the course in 
introductory psychology were assigned to each 
of the 12 combinations of four RP and three 
test conditions at each retention interval. At 
each interval, these combinations were run in 
eight counterbalanced cycles. Thus, data are 
reported on 96 Ss at each interval or for a 
total of 192 Ss. 

The Ss were run by two female Es. One E 
administered the list in which members of one 
set of response members were the more fre- 
quent; the other E administered the list in 
which the members of the other set were the 
more frequent. 


Results 


As in Exp. I, percentages of 
anticipations are reported only for the 
last 20 of the 80 acquisition trials, 


Anticipations during these trials and 
during the trials in the S and D con- 
texts were again analyzed across all 
four units for groups of Ss and for 
individual units for individual Ss. 

Hierarchies across units for groups. 
—The means of percentages of an- 
ticipations of the more frequent 
response members during the last 20 
trials and during trials in the S and D 
contexts under each of the test condi- 
tions are shown in Table 5. During 
the last 20 trials and during trials in 
the Sand D contexts at both retention 
intervals under each of the test condi- 
tions, percentages of anticipations and 
actual occurrences were related di- 
rectly. The overall F (3,168) of 
111.21 for RP was significant at 
p < .01 (Table 2). 

The Fs for retention intervals, for 
test conditions, and for trials and 
contexts were not significant. Of the 
Fs for interactions, only two were 
significant. The F (6,336) = 2.40, 
p = .05, for trials and contexts with 
RP reflects a different rank order of 
means during the last 20 trials and 
during trials in the same and different 
contexts with each RP. The F (6, 336) 
= 2.68, p = .05, for trials and con- 
texts, RP, and retention intervals 
reflects differences among RP in the 
rank orders of means for the last 20 
trials and contexts which also differed 
at each retention interval. 

With RP of 80-20, anticipations 
exceeded occurrences for 17 of 18 
combinations (Table 5), The excep- 
tion was the combination of RMO 
+ St, the D context, and the 2-sec. 
retention interval. One S in this 
combination did not respond with the 
CVCs; with that S excluded, the mean 
increases from 76.1 to 86.9. Twelve 
of the /'s were significant at .05 or less 
which would occur by chance at 
p < .001 (Sakoda, Cohen, & Beall, 
1954). 
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TABLE 5 
MEANS OF PERCENTAGES OF ANTICIPATIONS OF THE MORE FREQUENT RESPONSE 
MEMBERS FOR EACH OF THE COMBINATIONS OF RP, Test CONDITIONS, 
TRIALS AND CONTEXTS, AND RETENTION INTERVALS 
RMO RMO +St RMO + DPAU 
RP ia Cad 
20 s D 20 s D 20 s D 
50-50 
. | 47.7* | 48.6* | 492 46.2* | 47.3* | 48.0 45.9* 41.8* | 47.0 
2 het 471* | 46.6 48.5 48.6* | 46.6* | 47.8 45.1 43.9* | 484 
0-40 
$ 2 sec. | 58.8 57.6 61.6 59.8 61.9 62.2 60.6 51.5 59.2 
24 hr. 60.1 52.0 50.6* | 53.5* | 42.8* | 47.8 64.0 51.8 54.2 
70-30 
2 sec. | 79.3 77.7 72.2 73.6 68.9 66.4 84.1* 84.5* | 862* 
24 hr. 65.2 72.1 77.1 75.2 78.4 80.1 71.9 70.4 71.5 
80-20 
2 sec. | 86.1 94.8* | 91.6* | 91.5* | 83.6 76.1 89.5* | 92.8* | 884* 
24 hr. 85.9 92.6* | 89.2* | 89.9* | 93.2* | 91.9* | 85.5 91.2* | 87.2 


* Difference between percentage of anticipation of more frequent response members and their actual percent- 


ages of occurrence significant at S.05. 


Means of anticipations exceeded 
70% for 15 of the 18 combinations 
with RP of 70-30; three of the /'s were 

significant at .05 or less. With RP of 
60-40, six of the means were above 
60% and 10 were below. Three 
means were significantly below 60% 
at .05 or less. Three of 18 /'s signifi- 
cant at .05 would occur by chance at a 
probability just short of .05 (Sakoda, 
Cohen, & Beall). 

All of the means for combinations 
with RP of 50-50 were below 50%. 
Again, these decrements were due 
almost entirely to omissions. Ten of 
the /'s were significant at .05 or less. 

Hierarchies for individual units for 
individual Ss—A response hierarchy 
for an individual unit was defined in 
the manner of Exp. I: Percentages of 
anticipations of both members of each 
unit should equal or exceed half of the 
actual percentages of occurrence. The 
number of individuals for whom re- 
sponse hierarchies were obtained for 
three or four units is shown in Table 6 
for RP, test conditions, and retention 
intervals. 


In x? analyses of these frequencies, 


the x* (3) of 12.76 for RP during the 
last 20 trials was significant at p < .01. 
As RP changed from 50-50 to 80-20, 
progressively fewer Ss exhibited hier- 
archies for three or four units. The 
x? (2) of 6.87 for test conditions was 
significant at .05. The number of Ss 
with whom hierarchies were obtained 
for three or four units was in the order 
RMO <RMO+St < RMO + DPAU. 
Since test conditions was not a vari- 
able until trials with stimulus mem- 
bers alone in the same context, no 
differences among conditions were ex- 
pected or should have occurred except 
by chance. 

The x* (3) of 30.65 for RP and the 
X* (2) of 9.58 for test conditions during 
trials in the same context were signifi- 
cantat p < .01. While there was an 
inversion for RP of 60-40 and 70-30, 
the pattern for RP was of decreasing 
numbers of Ss for whom hierarchies 
were obtained with three or four units 
as RP changed from 50-50 to 80-20. 
In contrast to the last 20 trials, when 
the additional divergent units were 
actually present, hierarchies for three 
or four units were obtained for fewer 
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Ss under the RMO + DPAU than 
under the RMO condition. The fre- 
quencies in both conditions were lower 
than the frequencies in the RMO + St 
condition. 

The x? (3) of 11.14 for RP during 
trials in the D context was significant 
(p = .02). As RP changed from 
50-50 to 80-20, the numbers of Ss for 
whom hierarchies were obtained with 
three or four units decreased. 

None of the xs for differences in 
numbers of Ss for whom hierarchies 
were obtained for three or four units 
at the two retention intervals during 
the last 20 trials and during trials in 
the S and D contexts approached 
significance. Nor was there evidence 
of systematic differences between 
retention intervals at each level and 
combination of levels of RP and test 
conditions, 

Disregarding RP, test conditions, 
and retention intervals, during the 
last 20 trials hierarchies were obtained 
for three or four units for slightly 
more than one third of the Ss. During 
trials in the S and D contexts, hier- 


archies were obtained for three or four 
units for, respectively, slightly less 
and slightly more than one third of 
the Ss. 

The phi coefficients used to estimate 
intra-S stability of response hier- 
archies are presented in Table 7. For 
the association between presence and 
absence of hierarchies during the last 
20 trials and trials in the S context, 
8 of the 24 values were significant at 
.05 or less. For the association be- 
tween hierarchies during the last 20 
trials and during trials in the D con- 
text, 4 of the 24 values were significant 
at .05 or less. The probabilities of 8 
and 4 significant values out of 24 are 
p «.001 and .05, respectively. In 
contrast, 19 of the 24 values for the 
association between hierarchies during 
trials in the S and D contexts were 
significant at .05 or less, Eight of the 
12 significant phis for the last 20-S 
and last 20-D trials were with RP of 
50-50 and 60-40. This was the most 
pronounced of any apparent relation- 
ships between magnitude of the phis 
and RP, test conditions, or retention 


TABLE 6 


NUMBER or INDIVIDUAL Ss OUT OF EIGHT FOR EACH COMBINATION OF RP, RETENTION 
INTERVAL AND Test CONDITION (TC) For WHOM HIERARCHIES WERE OBTAINED 
FOR THREE OR Four UNITS DURING THE LAST 20 ACQUISITION TRIALS AND 
DURING TRIALS WITH STIMULUS MEMBERS ALONE IN THE SAME 
AND DIFFERENT CONTEXTS IN Exe. II 


RMO RMO tSt RMO 4- DPAU 
RP 
20 EI D 20 S D 20 S D 
50-50 
2 sec. 4 6 6 3 6 4 3 2 5 
24 hr. 4 6 5 4 3 4 4 2 3 
60-40 
2 sec 2 1 1 2 2 3 5 0 3 
24 hr. 0 2 3 5 5 3 6 2 3 
70-30 
2 sec. 1 3 5 4 5 4 1 1 1 
24 hr. 1 2 2 4 $ 1 5 2 3 
80-20 
2 sec. 1 1 3 2 3 2 1 1 2 
24 hr. 2 0 2 0 0 2 2 0 1 


228 


TABLE 7 


Pur COEFFICIENTS FOR RELATIONSHIPS BE- 

TWEEN PRESENCE OR ABSENCE Or HIER- 

ARCHIES FOR INDIVIDUAL UNITS FOR INDIVID- 

UAL SS DURING THE Last 20 ACQUISITION 

TRIALS AND DURING TRIALS WITH STIMULUS 

MEMBERS ALONE IN THE SAME AND DIFFER- 
ENT CONTEXTS IN Exp. II 


RP 20-8 20-D | S-D 
50-50 
2 sec. 
RMO 38* | .14 | 01 
RMO + St 14 25 | .36* 
RMO + DPAU| .22 39* |.32 
24 hr. 
RMO .S1** | .49** | .70** 
RMO + St 23 20 ]|.55** 
RMO +DPAU| .60**| .39* | 64** 
2 sec, 
RMO 07 04 | .16 
RMO + St 21 13 |.44* 
RMO + DPAU| 23 35* |.38* 
24 hr. 
RMO .40* .09 .39* 
RMO + St 29 «02 |.49** 
RMO + DPAU |—.05 |—;03 .39* 
70-30 
2 sec. 
RMO 3 5 | .48** 


1 
RMO +St 23 33 |. 
MEMO T DPAU| .37* 449. |.59** 
r. 


RMO .30 .33 .70** 
RMO + St 3S7 216 .58** 
ME +DPAU| .28 25 .68** 
2 sec. 

RMO A5* 31 :56** 
RMO + St —.01 A7 41* 
EMO T DPAU| .22 .09 .61** 

f 
RMO :S1** |. 25 19 
RMO St .08 .08 .A9** 
RMO + DPAU | .00 .34 .00 
MES 


intervals either alone or in com- 
bination. 


Discussion 


The nature and implications of the 
results of both experiments are consid- 
ered first with respect to formation, 
maintenance, generalization, and reten- 
tion of hierarchies across units for groups 
of Ss and then with respect to formation 
and stability of hierarchies for individual 
units for individual Ss. 
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Hierarchies across Units for Groups 


Formation.—During the last 20 of the 
80 acquisition trials of both experiments, 
percentages of anticipations of the more 
frequent and less frequent response 
members were directly related to actual 
percentages of occurrence of those mem- 
bers. Moreover, anticipations of the 
more frequent and less frequent response 
members alternated through successive 
presentations of their stimulus members, 
Thus, response hierarchies were formed 
across units for groups of Ss. 

With RP of 70-30, 80-20, and 90-10 in 
Exp. I and with RP of 70-30 and 80-20 
in Exp. II, percentages of anticipations 
of the more frequent response members 
tended to exceed their actual percentages 
of occurrence, In both experiments, 
with RP of 60-40 percentages of antici- 
pations tended to match actual occur- 
rences; and with RP of 50-50, percent- 
ages of anticipations were slightly but 
often significantly below 50%. Thus, 
hierarchies of anticipations which cor- 
respond closely to relative percentages of 
occurrence of response members can be 
expected with RP of 50-50 and 60-40. 
But with RP of 70-30 to 90-10 the hier- 
archies of anticipations can be expected 
to deviate from the relative percentages 
of occurrence of response members. 
These results are consistent with earlier 
findings (Goss & Sugerman, 1961). The 
earlier findings also suggest that hier- 
archies remain stable through at least 
40 additional trials. 

Maintenance—In Exp. I, maintenance 
of hierarchies was tested through 40 
trials with response members omitted in 
the context of acquisition. In Exp. I], 
20 trials were administered in the S con- 
text under test conditions of omission 
of response members, of omission of 
response members plus four additional 
stimulus members, and of omission of 
response members plus four additional 
divergent PA units. 

In both experiments, percentages of 
anticipations of the more frequent and 
less frequent response members remaine 
essentially as they had been with each 
RP during the last 20 acquisition trials: 
Percentages of anticipations were relate 
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directly to percentages of occurrence; 
anticipations of the more frequent and 
less frequent response members alter- 
nated; and percentages of anticipations 
of the more frequent response members 
tended to exceed their percentages of 
occurrence with RP of 70-30 and above 
and to match or fall slightly below 
percentages of occurrence with RP of 
60-40 and 50-50, respectively. Thus, 
despite omission of response members 
the response hierarchies were maintained. 
Furthermore, in Exp. I the hierarchies 
were maintained whether trials in the S 
context were administered before or after 
trials in the D context. 

In Exp. II, no differences obtained 
among the three test conditions. More- 
over, interactions of RP with test condi- 
tions alone or with test conditions and 
trials and contexts combined were not 
significant. Thus, hierarchies were main- 
tained not only with response members 
omitted but also with the additional 
changes of new stimulus members and of 
new DPAU. 

The stability of hierarchies during 
trials with response members omitted in 
the S context is reasonably consistent 
with findings for conventional PA units 
of the persistence of correct anticipations 
under 0% occurrence of response mem- 
bers (Goss, Nodine, Gregory, Taub, & 
Kennedy, 1962). The stability of hier- 
archies during trials with response mem- 
bers omitted in the S context is also 
reasonably consistent with findings re- 
ported by Osgood and Anderson (1957). 
During acquisition, pairs of names were 
presented by projection from a filmstrip. 
Each name of the pairs was preceded by 
or followed by each of six other names 
with a frequency of 6, 3, or 1. Strength 
of associations among these stimuli was 
then tested in the S context and in the 
D context. The S context involved 
presentation of each of the names alone 
by projection from a filmstrip. The Ss 
responded to each name with one other 
name. The frequencies with which one 
stimulus followed or preceded another 
stimulus in pairs were related positively 
to the frequencies with which the sub- 
sequent or preceding stimuli were given 
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as responses to the names presented 
alone. 

Generalization.—In both experiments, 
generalization of hierarchies was as- 
sessed by means of trials in which stim- 
ulus members alone were presented in 
booklets with Ss writing self-paced re- 
sponses. The additional test conditions 
of Exp. II involved continued presenta- 
tion of the new stimulus members alone 
or of the stimulus members of the new 
DPAU with their response members 
omitted. 

In Exp. I, both across retention in- 
tervals and at each interval the percent- 
ages of anticipations of the more frequent 
response members were slightly but 
significantly lower during the trials in 
the D context than during the last 20 
acquisition trials and during the trials 
in the S context. Percentages of antici- 
pation of the more frequent response 
members were related directly to percent- 
ages of occurrence, and less frequent 
response members were anticipated in 
alternation with anticipations of the more 
frequent response members. 

Essentially the same results were ob- 
tained for each of the test conditions of 
Exp. II with, however, no suggestion of 
decrements in anticipations of more fre- 
quent response members attendant upon 
the change from the S to the D context. 

In Exp. II, the differences among RP 
in rank order of anticipations of the more 
frequent responses during the last 20 
trials and during the trials in the S and 
D contexts were sufficient to produce 
interactions of trials and contexts with 
RP alone and with RP and retention in- 
tervals. However, the differences among 
means giving rise to these interactions 
were small. More importantly, the rank 
orders of the means for RP were the 
same during the last 20 trials and during 
the trials in the same and different con- 
texts. The results of both experiments, 
therefore, support a conclusion of gen- 
eralization of hierarchies with each RP 
to stimulus members presented alone in 
a context different from the context of 
acquisition. 

As mentioned above, Osgood and 
Anderson (1957) also tested the extent 
to which hierarchies might be obtained 
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with stimulus members presented in a 
D context. Their D context was a book- 
let of blank pages. One name response 
was written on each page through as 
many names as possible. A weak posi- 
tive relationship seemingly held between 
the frequencies with which the stimuli 
accompanied each other in pairs and the 
frequencies with which one stimulus 
followed another in the booklets. 

Relention.—Retention of the hier- 
archies for stimulus members alone in 
the S and D contexts was assessed ap- 
proximately 24 hr. as well as immediately 
after the last 20 acquisition trials, In 
Exp. I, the decrement over 24 hr. was 
not significant. The pattern of relation- 
ships among means of the significant 
interaction of trials and contexts with 
retention intervals suggested that some 
decrease occurred for trials in the S and 
D contexts after 24 hr, 

In Exp. II, the hierarchies 24 hr. after 
the last 20 acquisition trials were es- 
sentially the same as those obtained 
immediately after those trials. In the 
one significant interaction involving re- 
tention intervals, the differences giving 
rise to the interaction were primarily 
among RP with respect to the rank order 
of means for the last 20 acquisition trials 
and for trials in the S and D contexts. 

One condition of the present experi- 
ments which might have held the 
decrements over 24 hr. to, at most, slight 
amounts is the small number of units in 
the list. Another condition, of perhaps 
greater importance, is the large number 
of trials subsequent to formation of the 
hierarchies. With RP of 90-10, almost 
all Ss responded perfectly with the ap- 
propriate alternative response members 
for each stimulus member by or before 
Trials 21-40, Thus, of 80 acquisition 
trials, 60 or more were with an estab- 
lished hierarchy. With the other RP, 
almost all Ss responded perfectly with 
appropriate alternative response mem- 
bers for each stimulus member by or 
before Trials 41-60, Thus, they had 40 
or more trials with established hier- 
archies. High meaningfulness of the 
stimuli and their low formal intralist 
similarity may be additional. conditions. 
With naive Ss, also, the amount of 
forgetting over 24 hr. is not typically as 
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much as suggested by classical forgetting 
curves based primarily on sophisticated 
Ss (Underwood, 1957). Direction and 
extent of the effects of each of these con-J 
ditions on retention of hierarchies can 
profitably be determined in further 
experiments. 


Hierarchies for Individual Units for 
Individual Ss 


Formation.—Hierarchies for individual 
units were defined as percentages of 
anticipations of the more frequent and 
less frequent response members which 
equaled or exceeded half of their actual 
percentages of occurrence. The extent) 
to which hierarchies thus defined were 
formed and remained stable was ex- 
pressed in terms of the numbers of Ss. 
for whom hierarchies were obtained for 
three or four units. E 

During the last 20 acquisition trials, in 
both experiments hierarchies were ob- 
tained more often with RP of 50-50 and 
60-40 than with RP of 70-30 and above. 
With the latter RP, increasing numbers 
of Ss always anticipated one or more of. 
the more frequent response members. 
Disregarding RP, during the last 20 
acquisition trials hierarchies for three of 
four units were obtained for from one 
third to one half of the Ss. 1 

Maintenance.— During the trials in the 


„Same context, in both experiments the 


numbers of Ss for each RP for whom 
hierarchies were obtained with three or 
four units were about the same as those. 
for the last 20 acquisition trials. Again 
the numbers of Ss for whom hierarchies 
were obtained with three or four units 
were greater with RP of 50-50 and 60-40 
than with RP of 70-30 and above. In 
Exp. II, hierarchies with three or four 
units were obtained with somewhat fewer 
Ss for the test condition of response 
members omitted plus DPAU than for 
the other two test conditions. a | 
Relatively small numbers of significant 
Phi coefficients were obtained for the 
association between presence or absence 
of hierarchies during the last 20 acquisi- 
tion trials and during trials in the E 
context. Thus, hierarchies were likely 
to be obtained for different units and 
individuals during trials in the S context 
than during the last 20 acquisition trials. 
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Generalization.—During the trials in 
the D context, in Exp. I hierarchies were 
obtained for three or four units for more 
Ss with RP of 50-50 and 60-40 than for 
those with RP of 70-30 and up. In Exp. 
II, the same relationship held for each of 
the test conditions except, perhaps, the 
combination of response members omit- 
ted and RP of 60-40. 

In both experiments, the number of Ss 
with each RP for whom hierarchies were 
obtained for three or four units did not 
differ markedly during the last 20 
acquisition trials and during the trials 
in the S and D contexts. However, the 
relatively small number of significant 
phi coefficients for presence or absence of 
hierarchies during the last 20 acquisition 
trials and during the trials in the S and 
D contexts indicated that the units and 
Ss for whom hierarchies were obtained 
changed considerably from the former to 
the latter trials, In contrast, relatively 
large numbers of significant phi coeffi- 
cients were obtained for trials in the S 
and D contexts. Thus, the units and Ss 
for whom hierarchies were obtained 
during trials in the S context tended to 
be those for whom hierarchies were ob- 
tained during trials in the D context. 

Considering the last 20 trials and the 
trials in the S and D contexts, response 
hierarchies for individual units for in- 
dividual Ss were neither as common nor 
as stable as desired. "Therefore, at least 
with lists of four units, a large number 
of Ss might be required to obtain even a 

-few Ss whose initial hierarchies in new 
tasks actually correspond to the hier- 
archies obtained for those stimuli during 
the last trials of acquisition. When 
initial hierarchies in the new task can- 
not be readily determined, experiments 
which presuppose such knowledge for 
individual units for individual Ss may 
not be feasible. 

There is a possibility, however, that 
the frequency of occurrence and stability 
of hierarchies for individual units for 
individual Ss observed in the present ex- 
periments represent approximate lower 
bounds. Before beginning the trials in 
the S and D contexts, Ss were not in- 
structed to continue to respond with 
alternating responses or, more pointedly, 
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to continue to anticipate each response 
member of a unit with the frequency 
they had been using with response mem- 
bers present. Such instructions might 
increase frequency of occurrence of re- 
sponse hierarchies and their stability. 

Retention.—In Exp. I, hierarchies were 
more likely to be obtained in both the 
S and D contexts 24 hr. after than im- 
mediately after acquisition. That this 
relationship might be slight or unreliable 
is indicated by the apparent lack of 
differences between retention intervals in 
numbers of Ss for whom hierarchies were 
obtained for three or four units in Exp. 
II. Thus, for retention intervals of up 
to 24 hr., the number of Ss with each 
RP for whom hierarchies were obtained 
with three or four units did not change 
appreciably. The conclusion holds rea- 
sonably for trials in the S and D contexts 
and for each of the test conditions of the 
trials in the S context of Exp. II. 
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VERBAL TRANSFER AS A FUNCTION OF S,-R, 
AND S;.R; INTERLIST SIMILARITY ! 


JOHN P. HOUSTON 
University of California, Los Angeles 


This study attempted to relate verbal transfer to the similarity bet ween 
Ist-list stimuli (Sj) and 2nd-list responses (Rs) and to the similarity 


between 2nd-list stimuli 


(Sz) and tst-list responses (R;). 


3 degrees of 


Sı-R3 and 3 degrees of Se R; similarity were tested in a factorial design. 
Ss learned 2 8-item paired-associate lists conforming to 1 of the 9 


paradigms. 


The results were in substantial 
dictions made by Houston (1964), 


increases as S+R, similarity increases, 


agreement with the pre- 
The magnitude of the transfer 
with the direction becoming 


positive under conditions of high S,-R; similarity and negative under 


low Sy-R: similarity conditions. 


The importance of stimulus (Si-Ss) 
and response (R,-R;) similarity in 
two-list (Sj-R;, Sj- R;) verbal-transfer 
Situations has long been recognized. 
But little attention has been given to 
the problem of relating transfer to the 
similarity between frst-list stimuli 
and second-list responses (Si- R5) and 
to the similarity between second-list 
stimuli and first-list responses (Ss-R;). 
Houston (1964) has attempted to 
provide a summary statement of the 
relationships between transfer and 
these loci of similarity by relabeling 
the. dimensions of Osgood's (1949) 
transfer surface such that they refer 
to Si-Re and S.-R, similarity rather 
than to S-S; and RR; similarity. 
As is true of Osgood's surface, the 
vertical dimension of the proposed 
surface (see Fig. 1) represents direc- 
tion and degree of transfer. 


The length of the horizontal plane, labeled 
Si- Rs, represents degree of similarity between 
first-list stimuli and second-list responses. 
The width of the horizontal plane, labeled 
Sy- R5, represents degree of similarity between 
second-list stimuli and first-list responses. 

In both cases the similarity dimension ex- 


‘This study was conducted while the 
author was a United States Public Health 
Service postdoctoral fellow at the Institute of 


Human Learning, University of California, 
Berkeley, 


tends from maximum similarity or identity 
(labeled 1) to minimum similarity or neu- 
trality (labeled 0). If the first-list responses 
are different from and neutral with respect to 
the second-list stimuli then, no matter what 
the degree of second-list response-first-list 
stimulus similarity, transfer will be minimal, 
As the degree of S.-R, similarity increases 
transfer will increase until, when S: is identical 
to R;, maximum positive transfer will obtain 
when Rs is identical to S, and maximum 
negative transfer will occur when Rs and Sı 
are different and neutral [Houston, 1964, 
pp. 412-413]. 


While several points on the surface 
have been documented there has been 
no systematic investigation of the 
Proposed relationships. The present 
Study was designed to generate the 
surface by testing three degrees of 


SrR: and three degrees of S:-Ri- 


Similarity. Each .S learned two 
paired-associate (PA) lists correspond- 
ing to one of the nine paradigms desig- 
nated in Fig, 1. 


METHOD 


Subjecis—The Ss were 72 paid University 
of California undergraduates. The majority 
of the Ss had had previous verbal-learning 
experience but none had engaged in transfer 
tasks. The nine conditions were randomize 
eight times such that each condition occur! 
once in each succeeding block of nine 59 


The Ss were assigned to these blocks as theY 


appeared in the laboratory. 
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VERBAL TRANSFER AND INTERLIST SIMILARITY 


A-B 
B-C 


Fic. 1. Transfer as a function of Sı-Ra 


and S»-R, similarity. 


Lists.—All lists were constructed of eight 
pairs of common adjectives chosen from 
Haagen's (1949) lists. Two different pairings 
of the eight second-list stimuli and eight 
responses were developed and each was 
assigned to half the Ss in each condition. 
Thus each of the nine conditions involved the 
same second lists. For each second list, nine 
different first lists were constructed such that 
each corresponded to one of the nine para- 
digms in Fig. 1. Similarity between ad- 
jectives was defined as a Haagen similarity 
rating of 2.1 or better. Inter- and intralist 
meaning similarity was minimal except, of 
course, in those cases where it was intended. 
All words within each set of stimuli and each 
set of responses began with different letters. 
No pair of words began with the same letter. 
Four orders of each list were developed to 
minimize serial learning. Each order was 
used equally frequently as the starting order. 

Procedure.—Learning was conducted at a 
2:2-sec. presentation rate with a 4-sec. inter- 
trial, and a 1-min. interlist, interval. The 
first and second lists were each presented for 
six anticipation trials on a Stowe memory 
drum. 


RESULTS 


The mean numbers of correct re- 
sponses on the six first-list trials were 
37.62, 37.75, 31.63, 39.00, 34.00, 36.75, 
36.75, 36.75, and 34.37 for the B-A, 
B'-A, C-A, B-A’, B'-A', C-A', B-C, 
B/-C, and C-D paradigms, respec- 
tively. An analysis of variance ap- 
plied to these data indicated that 
there were no significant differences 
attributable to differences in stimuli, 
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F = 1.35, in responses, F < 1.0, or to 
their interaction, F < 1.0. 

The mean numbers of correct re- 
sponses given on the first of the 
second-list anticipation trials are con- 
tained in Table 1. The means ranged 
from a low of 1.00 in the A-B, B-C 
paradigm to a high of 7.13 in the 
A-B, B-A situation. The configura- 
tion of the obtained means seems to 
be in quite good agreement with the 
requirements of the surface. An 
analysis of variance indicated a sig- 
nificant S,-R» effect, with increasing 
SR similarity leading to better 
second-list performance, F (2, 63) 
= 18.66, p < .01. More important, 
the interaction between S;-R» and Ss- 
Ri similarity was significant, F (4, 63) 
= 10.63, p < .01. It would appear 
that, as SR; similarity increases, 
performance increases under condi- 
tions of high S;R» similarity and 
decreases under conditions of low 
SR» similarity. The S+R, main 
effect was, as expected, not significant, 
F « 1.0. 

TABLE 1 


Mean Correct RESPONSES ON FIRST 
TRIAL or SEcoNDp List 


Si-Re Si-Re Si-R? 
Identical Similar Neutral 
M SD M SD M SD 
A-B, B-A | A-B, B-A’ | A-B, B-C 
SMR, |7.13| .84 | 4.13 | 2.00 | 1.00 | .93 
Identical 
A-B, B'-A A-B, B’-A’ A-B, B'-C 
Se-R, |5.50|1.61 | 3.13 | 1.55 | 2.75 | 1.75 
Similar 
A-B, C-A A-B, C-A^ A-B, C-D 
Sa-Rı |3.00| 1.20 | 4.00 | 1.61 | 3.25 | 1.39 
Neutral 
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Using a method described by Winer 
(1962), each of the paradigms was 
compared with the A-B, C-D control 
condition. The A-B, B-A and the 
A-B, B'-A means were significantly 
greater than the control mean (p < .01 
and p < .05, respectively). The A-B, 
B-C mean was significantly less than 
the control mean (p < .05). The 
A-B, B’-C mean, while not signifi- 
cantly different from the control, was 
in the predicted direction. The re- 
maining paradigms did not differ from 
the control. 

The mean numbers of correct re- 
sponses made over all six second-list 
trials were 45.13, 41.62, 28.75, 38.62, 
36.25, 38.13, 27.50, 35.50, and 35.38 
for the B-A, B/-A, C-A, B-A', B'-A', 
C-A’, B-C, B’-C, and C-D paradigms, 
respectively. In considering these 
data it should be noted that the A-B, 
B-A paradigm produced a mean of 
7.13 correct responses on the first 
trial while the A-B, B-C condition 
yielded a mean of only 1.00 correct 
responses on this trial. Because of 
this ceiling effect in the A-B, B-A 
paradigm the difference between the 
paradigms could only become less as 
learning progressed. On the sixth 
anticipation trial all groups were, in 
fact, producing a mean of at least 
Six correct responses. In spite of this 
kind of narrowing effect, an analysis 
of total correct responses revealed 
a significant S,-R, effect, F (2, 63) 
= 611, p< .01, and a significant 
interaction, F (4, 63) = 9.14, p < .01, 
Once again the S-R; main effect was 
not significant, F (2,63) = 2.49. In- 
terlist intrusions, or Sı and R; units 
given as second-list responses, re- 
vealed no consistent pattern and were 
too few to be useful, 


Discusston 


In general, the results of the study 
seem to be in quite good agreement with 
the predictions of the surface. With 
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learning units of high meaningfulnes 
taken from a single form class transf 
appears to increase as S+R, similari 
increases. Transfer is positive wher 
Si-Re similarity is high and negatiy 
when S,-R; similarity is low. Althoug 
significant negative transfer was 
found in the A-B, B'.C paradigm 
mean was in the predicted direction a n 
it may be that with more than eight $ 
per cell negative transfer will appear i 
this situation. 

The present data tell us little of th 
nature of the gradient associated will 
S,-Rs similarity. Additional degrees 0 
Si-R: similarity should be investigate 
in an attempt to clarify the meaning 6 
the lack of transfer in the A-B, BA 
condition. Without further data it 
impossible to exclude the possibility th 
transfer effects are limited to identic 
and neutral S,-R, conditions and tha 
all intermediate degrees of S,-R; simi 
larity yield no transfer. At present thi 
curves of Fig. 1 are completely hy 
pothetical; there are, in fact, no data t 
suggest that the functions are curvilineal 
rather than linear. 


no attempt has been made to identify t 
mechanisms underlying the functions 
pressed by the surface. It may be that 
the kind of dual-mechanism interpret& 
tion Barnes and Underwood (1959) ha k 
given to the more traditional A-B, A€ 
and A-B, A-B’ transfer situations will bt 
applicable to the proposed relationships 
Barnes and Underwood suggested that; 
with identical stimuli and similar re? 
sponses, A-B’ learning is mediated by 
the A-B-B’ chain. As response similarity 
decreases mediation decreases until at 
some point it presumably ceases 19 
Operate altogether. At this point E 
learning of the first-list connections ang 
the associated negative transfer effects 


Where S; and R; are identical and S; and 
Rz are similar the learning of the B-A 


U 
connection may be mediated, in a B-A- 
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sequence, by the backward B-A associa- 
tion established during first-list A-B 
learning. As the similarity between S; 
and R decreases the mediation effect 
will diminish until, at some point, un- 
learning and the associated responses 
competition effects become the stronger 
factors. In the A-B, B-C paradigm the 
backward B-A association established 
during first-list learning may compete 
with the formation of the B-C associa- 
tion. Thus, the positive portion of the 
proposed surface may be explained in 
terms of mediation while the negative 
section may be attributed to response 
competition effects associated with the 
unlearning of first-list associations. 
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COMPARISON OF STIMULUS GENERALIZATION 
FOLLOWING VARIABLE-RATIO AND VARIABLE- 
INTERVAL TRAINING ! 


DAVID R. THOMAS AND 


RICHARD W. SWITALSKI? 


Kent State University 


17 pairs of pigeons were trained to key peck on variable-ratio (VR) and 
variable-interval (VI) reinforcement schedules and then tested for 
generalization along the wavelength dimension. The pairs were yoked 
such that when the lead bird earned a reinforcement on the VR schedule 


the next response by the other (VI 


) bird was also reinforced. In accord 


with prediction the VR Ss responded at higher rates and generated 
flatter wavelength generalization gradients than did their VI partners. 
Both of these effects were Strongest at the beginning of generalization 


testing in extinction but decrea: 
the test. 


A recent study by Hearst, Koresko, 
and Poppen (1964) found that pigeons 
trained on a differential reinforcement 
of low rate (DRL) schedule emitted 
significantly flatter generalization gra- 
dients (along the dimension of angular 
orientation) than did pigeons trained 
on a 1-min. variable-interval (VI) 
schedule. These authors suggested 
that when a reinforcement contin- 
gency emphasizes temporal discrimi- 
nations or proprioceptive feedback 
from prior behavior, the control exer- 
cised by exteroceptive stimuli will 
consequently be reduced. This as- 
sumed reduction of external stimulus 
control is then reflected in a flattening 
of the stimulus generalization gradient 
produced by varying exteroceptive 
stimuli. 

The present study provides an addi- 
tional test of the Proposition that 
internal and external cues compete for 
the control of operant behavior. It 
compares stimulus generalization fol- 
lowing VI and variable-ratio (VR) 


1 This research was supported by Research 
Grant NIH-HD-00903-03 to the first author. 
The authors wish to acknowledge that com- 
munication with Eliot Hearst contributed to 
the formulation of the problem. 

* Now at the University of Maryland. 


sed in magnitude during the course of 


training. Ratio reinforcement sched- 
ules make proprioceptive feedback 
from rapid responding a positive 
discriminative cue for additional re- 
sponding. A VR schedule allows a 
matching of pairs of Ss through a 
yoking procedure. The lead S (pi- 
geon) is trained on a VR schedule. 
Whenever a reinforcement is earned 
on this schedule a reinforcement is set 
up in the second experimental cham- 
ber so that the next response in that 
chamber will also be reinforced. This 
results in a VI schedule for the control 
S with the same number of reinforce- 
ments earned at (approximately) the 
same time as are earned by the VR 
animal. With both VR and VI 
schedules steady responding and con- 
siderable resistance to extinction (both 
essential for generalization testing in 
extinction) may be anticipated. In 
addition it is expected that in each 
pair of Ss the VR animal will respond 
ata higher rate and will yield a flatter 
generalization gradient along the eX 
teroceptive dimension of wavelength. 


METHOD 


Subjects —The Ss were 34 experimentally 
naive homing pigeons maintained by ©° 
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trolled feeding at 70-75% of their ad libitum 
weight. 

Apparatus.—Two identical Skinner-type 
automatic key-pecking apparatuses were em- 
ployed. Each box had the following internal 
dimensions: height, 12 in., width, 10 in., and 
depth, 12 in. Walls and ceilings were painted 
flat black; floors were heavy gauge wire mesh. 
The front wall was a standard Lehigh Valley 
intelligence panel with a key of translucent 
plastic exposed through a 1-in. circular open- 
ing placed 63 in. above the floor. Two and 
one-half inches below the key and 2 in. above 
the floor in the front wall was a 2 X 24 in. 
opening through which Ss had access to food 
for 3 sec. during each cycle. Between cycles 
the food was lowered beyond S's reach. The 
magazine was illuminated with a General 
Electric 1820-B bulb which operated when- 
ever the food magazine was raised. The light 
source for each key was a Bausch and Lomb 
diffraction grating monochromator, Model 
33-86-02. 

Procedure.—Upon arrival at the laboratory 
all Ss were weighed, individually caged, and 
allowed free access to food and water. 
Throughout the entire experiment water was 
always available in the home cages. After 10 
days of free feeding, a stable weight level was 
established for all Ss and food deprivation 
was begun. Deprivation ceased when Ss’ 
weights fell within 70-75% of their ad libitum 
weights and then training was initiated. 

All Ss were adapted, magazine trained, 
and conditioned to key peck according to a 
set schedule covering 2 days. During this 
time, the box was in complete darkness with 
the exception of the key light of 550 my. and 
the magazine light during reinforcement 
cycles, After the response was well estab- 
lished on a 100% reinforcement schedule 
(after 5 days of 50 reinforcements each) Ss 
were matched as closely as possible on the 
basis of both response rate and weight. The 
lead Ss in each pair were then placed on 
successively increasing variable-ratio sched- 
ules of VR 5, 10, 20, and 40 for 4 days each. 
The terminal schedule (VR 40) employed an 
arithmetic progression ranging from 10 to 70 
responses per reinforcement, in 10 response 
steps, each ratio being used equally often. 
Each time a reinforcement was earned by S 
in the lead box a reinforcement was set up in 
the adjacent box for the yoked S. This 
produced a VI schedule for the yoked S. Re- 
sponse rate under the VI condition through- 
out training was sufficient so that the number 
of reinforcements missed by these Ss was 
negligible. Each pair of Ss was run for a 
1-hr. session each day until the end of training. 
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On the fifth day on VR 40 a shutter was 
introduced in both chambers which alternated 
10-sec. periods of blackout with 40-sec. periods 
of stimulus presentation. Reinforcements 
were never given during blackouts and during 
stimulus presentations the same reinforce- 
ment schedules remained in force. Training 
continued for each pair of Ss for a minimum 
of 5 additional days with a criterion of 2 
successive days on which the VR bird re- 
sponded twice as much as its VI partner. 
Where this criterion was not reached in 12 
days on this schedule (for 4 pairs of the 17) 
generalization testing occurred on Day 13 
nevertheless. 

On the day following the last training day, 
after a 5-min. warm-up training period, the 
pairs of Ss were tested for generalization under 
extinction. Eleven different test stimuli were 
used: 490, 510, 520, 530, 540, 550, 560, 570, 
580, 590, and 610 mp. The 11 test stimuli 
were randomized within a series and 12 
different random series were presented to 
each pair of Ss. Each stimulus presentation 
was for 40 sec. and was followed by a 10-sec. 
blackout during which the stimulus was 
changed and the number of responses made in 
the preceding period was recorded. 


RESULTS AND DISCUSSION 


As anticipated both reinforcement 
schedules produced steady responding 
and considerable resistance to extinc- 
tion. On the last day of training the 
mean number of responses given by 
the VR group was 1987 compared to 
1071 for the VI Ss. All VR Ss re- 
sponded at a higher rate than did the 
highest responding VI animal and the 
difference between response rates in 
the pairs of Ss was highly significant, 
1(16) = 10.4, p < .0t. 

Figure 1 presents the mean general- 
ization gradients of Ss under the 
two reinforcement contingencies. The 
value plotted for each stimulus is the 
mean number of responses made by 
the 17 Ss in each group during the 
entire generalization test (ie. 12 
presentations). The VR gradient is 
higher than the VI gradient for all 
stimuli but the 2-1 difference in rate 
to the CS in training does not hold 
up during testing in extinction. 
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To cancel out individual differences 
in response rate so as to allow each S 
equal weighting in the group average, 
each S's gradient was transformed 
into percentage of total responses 
emitted to the different test stimuli, 
The means of these gradients of rela- 
tive generalization are presented in 
Fig. 2. 

As indicated in Fig. 2, the VR 
gradient is clearly flatter than the VI 
gradient, particularly in the direction 
of longer test wavelengths. For statis- 
tical purposes a convenient measure 
of the steepness of a generalization 
gradient is the percentage of total re- 
sponses given to the CS value—the 
larger this percentage, the steeper the 
gradient. A comparison of each VR 
S with its yoked partner using this 
measure yields a £(16) = 3.28, p < .01. 
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In 13 of the 17 pairs of Ss the VR 
gradient was the flatter of the two. 
Thus both the predictions of higher 
response rate in training and a flatter 
generalization gradient for the VR 
animal are supported by the evidence. 

Since the difference in response rate 
of 2-1 in favor of the VR condition 
failed to be maintained during testing 
in extinction it was decided to analyze 
response rate to the CS and general- 
ization steepness as testing progressed. 
For this purpose data were pooled for 
Test Series 1 and 2, 3 and 4, and 5 and 
6. The results of this analysis are 
presented in Table 1. 


It may be seen that the two effects of 
VR training (i.e, higher response rate 
and flatter generalization gradients) are 
correlated; when one disappears during 
extinction the other does likewise. No 
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causal relationship is indicated by this 
finding since a flatter gradient may be 
produced along with a higher response 
rate, as in the present study, or with a 


` lower response rate, as in the Hearst et al. 


(1964) study using a DRL schedule of 
reward. Furthermore, both Thomas and 
King (1959) and Hearst et al. have 
indicated that with a VI schedule those 
Ss which respond at high rates do not 


TABLE 1 


CHANGES IN RESPONSE RATE AND. 
GENERALIZATION SLOPE IN 


EXTINCTION 
Responses to CS Pi P O 
Series 
VR | VI | £46) | VR | VI | (169 
1&2|98.9 | 76.2 | 2.70** | 16.9 | 22.8 | 3.44** 
3 & 4 | 74.0 | 73.1 | 0.07 |20.3 | 24.7 | 1.88 
5&6|59.7/59.6|0.00 | 21.4 | 25.8] 1.13 


**5 < 01. 


Relative generalization gradients of the VR and VI groups. 


produce relative generalization gradients 
which differ in slope from those which 
respond at low rates. 

A possible interpretation of the wash- 
ing out of the effect of VR training during 
extinction is that rather early in extinc- 
tion the proprioceptive feedback from 
rapid responding loses its function as a 
positive discriminative cue and as a con- 
sequence response rate is reduced and 
the generalization gradient is steepened. 
Such an interpretation suggests, then, 
that rather than response rate, per se, 
it is the nature and the extent of mediat- 
ing behavior which results from a given 
reinforcement contingency which influ- 
ences the slope of the exteroceptive 
stimulus generalization gradient. 

Empirically, this study demonstrates 
that stimulus generalization gradients 
following VR training are flatter than 
those following a comparable VI sched- 
ule. The interpretation that proprio- 
ceptive feedback from ratio responding 
accounts for this difference is quite 
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possibly not the only one that might be 
offered. Perhaps some other attribute 
of VR performance accounts for the 
flatter gradients under this condition. 
Such a possibility certainly cannot be 
ruled out on the basis of present evidence, 
although no such attribute of VR per- 
formance comes readily to mind. Cer- 
tainly further investigation of the rela- 
tionship between internal and external 
cues in the control of behavior is very 
much in order. 

Quite conceivably what we have ob- 
served in this study is an instance of a 
much more general phenomenon, i.e., 
Whenever two stimuli of either internal 
or external origin both become cues for a 
learned response the degree of control 
exercised by either is thereby reduced. 

A very recent study by Newman and 
Baron (1965) indicated that if pigeons 
are reinforced for responding to a white 
vertical line on a green field and ex- 
tinguished for responding to a green field 
with the line absent, then a steep general- 
ization gradient may be obtained by 
varying the angle of the line. On the 
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other hand, if the positive condition is a 
white vertical line on a green field and 
the negative is a red field with the line 
absent, variations in the angle of the line 
have no effect on response rate. New- 
man and Baron's interpretation that as 
color gains control over the response the 
angle of the line loses control is clearly 
consistent with the findings and the 
broader interpretation of the present 
experiment. 
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In order to study the relative effects of preparatory sets and muscular 
effort on electrodermal responses, 12 Ss lifted 3 different weights at 2 
rates of lift over several trials. Periods of preparation, tactual stimula- 
tion, and muscular effort were separated in order to distinguish between 


the effects of each. No relation was found between weight and GSR 
under lift conditions although GSR was related to weight as a tactual 


stimulus. 


periods as well as during lift. GS 


GSR was proportional to rate of lift during preparatory 


Rs and conductance levels appear to 


be a function more of set than of muscular effort. 


There appears to be general agree- 
ment in the literature that increasing 
physical work or muscular tension is 
accompanied by a corresponding low- 
ering of skin resistance (Duffy, 1962; 
Freeman & Simpson, 1938; McCleary, 
1950; Ruckmick, 1930; Ryan, 1944; 
Starch, 1910; Wenger & Irwin, 1936; 
White, 1930). However, Schaefer 
(1936) indicates that very little ap- 
plied effort is needed to bring about a 
substantial fall in resistance. Never- 
theless, a common assumption found 
more or less explicitly in much of the 
literature is that drops in skin resist- 
ance are directly proportional to 
muscular effort. A suspicion that 
muscular effort might be only coin- 
cidentally related to skin-resistance 
changes has grown out of two kinds of 
unsystematized observations. First, 

1 This research was partly supported by 
grants (MY-4260) from National Institute 
of Mental Health. The authors are indebted 
for generous help and administrative support 
from Alfonso Paredes and Hayden H. 
Donahue, Superintendent of Central State 
Griffin Memorial Hospital, Norman, Okla- 
homa; and for statistical services to J. Paul 
Costiloe, Biostatistical Unit, University of 
Oklahoma Medical Center. 


it was noted that in some Ss large 
GSRs accompanied restless move- 
ments early in an experimental session 
but not later in the same session. 
Second, a preliminary attempt to 
identify a physical movement which 
would consistently produce a GSR 
failed entirely. 

Reexamination of earlier experi- 
ments which showed an association 
between effort and skin resistance 
showed that (a) no attempt had been 
made to separate the effects of pre- 
paratory sets from the effects of effort, 
(b) rate of work had not been sys- 
tematically investigated, (c) no one 
had systematically investigated adap- 
tation during muscular effort, and (d) 
the effects of tactual stimulation had 
not been clearly separated from the 
effects of effort. 

The last two points assume signifi- 
cance in view of the findings of Duffy 
and Lacey (1946), Sears (1933), and 
Wechsler (1925) that adaptation oc- 
curs in the performance of a mental 
task while nothing comparable seems 
to have been reported in the literature 
for muscular effort and, second, the 
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fact that the GSR seems to be a 
function of the amount of pressure 
applied to the skin (Davis, Buchwald, 
& Frankmann, 1955). 

In an effort to separate the effects 
on skin resistance of various antici- 
patory sets from those of muscular 
effort during the task and from those 
of tactual stimulation, an experi- 
mental sequence was staged so as to 
allow a brief time lag between in- 
structions (announce), placement of 
the stimulus weight (place), prepara- 
tory movements (ready), and final 
movements (lift). Using two rates of 
lift and three weights over three trial 
blocks, the following hypotheses were 
tested : 

1. If electrodermal measures are a 
direct reflection of muscular effort, 
then: (z) GSR amplitudes will in- 
crease progressively with a progressive 
increase in overt muscular involve- 
ment; i.e., from announce to place to 
ready to lift. (b) GSR amplitudes 
will be proportional to the amount of 
weight lifted where effort is required 
(i.e., in the ready and lift conditions). 
(c) GSR amplitudes will be propor- 
tional to the rate of lift in the lift 
condition. 

2. If sets are reflected in electro- 
dermal measures and if anticipation of 
muscular effort occurs prior to the 
expenditure of that effort, then: (a) In 
the announce condition, where no 
effort is involved, GSR amplitudes 
will be proportional to the announced 
weight and to the announced rate. 
(b) Just prior to the place, ready, and 
lift conditions, conductance levels will 
be proportional to the announced 
- weight and to the announced rate. 

3. If the amplitude of the GSR is 
related to the pressure on the skin, 
then the amplitudes of the GSR in the 
place condition should be proportional 
to the amount of weight applied. 
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4. If adaptation is associated with 
"mental effort" but not with physical 
effort, then: (a) Inasmuch as the effort 
involved is "mental" rather than mus- 
cular at the time conductance levels 
are measured (prior to each condi- 
tion), conductance levels should show 
adaptation across trial blocks, at least 
for those measures taken subsequent 
to the announce condition. (b) Inas- 
much as there is a progressive shift 
from primarily mental to primarily 
physical demands through the se- 
quence of conditions, GSRs should 
show most adaptation in the announce 
condition and progressively less in 
each of the subsequent conditions, 
particularly in the lift condition. 


METHOD 


Subjects.—The Ss were 12 female volun- 
teers from among the employees of Central 
State Griffin Memorial Hospital. They were 
paid $1 each for voluntary participation in the 
experiment. 

Apparatus.—Skin conducatance was con- 
tinuously recorded on a recti-riter recording 
meter (Texas Instruments) through a Wheat- 
stone bridge and a DC amplifier. Two 
iin. diameter sealed zinc electrodes, used 
with zinc sulphate paste (Lykken, 1959), were 
attached to the tips of the first and middle 
fingers of the left hand. 

The weights were a small open cardboard 
box (1 oz.), one-half of a common brick 
(21b.), and a whole brick (41b.). An ordinary 
laboratory ring stand was used to provide .5s 
with a lift height standard. A stop watch 
measuring to 1/10 sec. was used to measure 
lift time. 

Procedure.—The Ss were brought into a 
testing room and seated in a tablet arm chair. 
With the trunk erect and unsupported, the 
right arm was angled forward and downward 
with the elbow and hand resting on cushions. 

In a preliminary procedure, intended to 
acquaint S with the experimental situation, 
the order of weights was counterbalanced 
across Ss, and three conditions were used in 
the following sequence: In the preliminary- 
announce condition the weight to be lifted was 
announced and the conductance record then 
allowed to stabilize. In the preliminary-place 
condition the appropriate weight was placed 
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gently in S's open palm (hand resting on the 
pad) and the response was again allowed to 
stabilize. In the preliminary-lift condition E 
announced "natural" (pause) "lift," and S 
lifted the weight, from the shoulder and with 
arm straight, to a height of about 2 ft. and 
returned to the pad. The S had been in- 
structed to make the lift in a smooth manner 
with no abrupt change at the peak and with 
the return at a natural rate. The natural 
rate is discussed below. 

Main procedure.—Next Ss were given 
specific directions about the main procedure. 
Following this a 3-min. relaxation period was 
allowed. Two Ss were assigned to each of six 
counterbalanced orders of weights and rates. 
A trial block included all six combinations of 
the three weights and two rates. Three trial 
blocks (i.e., 18 trials) were used, each having 
a different random sequence of conditions. 
Although orders were counterbalanced within 
trial blocks, they were confounded with Ss 
and could not be analyzed separately. 

Three conditions (announce, place, and 
lift) were exactly the same as in the prelimin- 
ary procedure except for the introduction of 
the rate variable. Both weight and rate were 
announced in the announce condition. Only 
the upward movement in the lift condition 
was varied, return being at a natural rate. 
In the ready condition, inserted between the 
place and lift conditions, S was instructed to 
lift the weight, from the elbow, about 6 in. 
and hold it there. The electrodermal response 
to this movement was allowed to subside to 
the level just preceding this condition (unless 
it had not done so within 3-4 min.) before the 
lift condition was given. 

Rates.—The natural rate was one which S 
considered to be "about right," averaging 
1.26 sec. from ready position to the top of the 
lift, For the fast rate, S was instructed to 
lift the weight about twice as fast as for the 
natural rate. The time averaged .69 sec.; 
thus Ss seemed to be following instructions 
rather closely. There were individual differ- 
ences (F = 32.16, p <.001) plus a slight 
decrease in time across trial blocks (F — 7.41, 
p «.005) but the fast rate was definitely 
faster (F = 532.84, p « .001). 

Measures.—-The recorder was precalibrated 
so that responses were read directly from the 
tapes in conductance units, Conductance 
levels were read just prior to each condition. 
Amplitude of the GSR was the difference 
between that level and the peak deflection 
reached within the condition. Almost all 
GSRs were quick, sharp, and clear-cut, the 
least so occurring in the announce condition. 


RESULTS 


Square-root transformations of both 
conductance levels and GSR measure- 
ments were necessary to eliminate 
correlations between means and vari- 
ances and to reduce heterogeneity of 
variances. The analyses which follow 
are based on such transformed data, 
but the figures have been drawn using 
untransformed means. 

GSR and levels data were separately 
analyzed by a three-level split-plot 
analysis of variance. The analysis for 
GSR (Table 1) shows significance for 
all main effects (trial blocks, rates, 
weights, and conditions) and for the 
first-order interactions of the condi- 
tions variable with each of the other 
three. Only one higher-order inter- 
action (TB X R X C) was significant. 
The analysis for levels (Table 1) shows 
significance for all main effects except 
weights. Significant interactions were 
found between trial blocks and rates, 
trial blocks and conditions, and 
weights and conditions, Duncan 
multiple-range tests (Edwards, 1962) 
were performed where appropriate and 
the findings are presented below as 
they apply to the various hypotheses. 

Muscular effort hypotheses.—Hy- 
pothesis 1a. There should be a pro- 
gressive increase in GSRs as effort 
increases in the order of announce, 
place, ready, and lift conditions. A 
Duncan test indicated that each con- 
dition was significantly different from 
each of the others and in the predicted 
order except for an inversion of the 
place and ready conditions (see Fig. 
1b). The hypothesis is therefore only 
partly supported since the inversion of 
place and ready more nearly supports 
Hypothesis 3 relating to tactual' 
stimulation. 

Hypothesis 1b. GSRs should be 
proportional to weight in the ready 
and lift conditions. A Duncan test of 
the W X C interaction (see Fig. 1d) 


244 PUGH, OLDROYD, RAY, AND CLARK 
TABLE 1 
ANALYSIS OF VARIANCE OF GSRs (CHANGE IN CONDUCTANCE) 
AND OF LEVELS (CONDUCTANCE) 
GSRs Levels 
Source df 
MS F MS F 

1 863 
Aa 11 162.30 10.36*** 1426.52 289.95*** 
Trial Blocks (TB) 2 127.62 8.13** 40.64 8.26** 

Error A 22 15.66 4.92 

Weights (W) 2 80.35 1.28*** 247 1:12 
Rates (R) 1 220.87 20.01*** 9.65 4.97* 
WXR 2 0.44 0.04 2.21 1.14 
TBXW 4 9.06 0.82 0.23 0.12 
TBXR 2 8.24 0.75 9.51 4.90** 
TBXWXR 4 0.96 0.09 1.05 0.54 

rror B 165 11.04 1.94 
Conditions (C) 3 1574.84 136.35*** 7.12 17.80*** 
TBXC 6 46.91 4.06** 3.00 TESI Diae 
WXC 6 30.61 2.65* 1.02 2,55* 
RXC 3 31.52 2.73* 0.68 1.70 
TBXWXxC 12 3.55 0.31 0.36 0.90 
TBXRXC 6 30.02 2.60* 0.58 1.45 
WXRXC 6 5.61 0.48 0.05 0.12 
TB X y XR 12 8.30 0.72 0.14 0.35 

x 

Error C 594 11.55 0.40 
* 
ET. 
bud .001. 


indicated, however, that weight was 
not a significant factor in either of 
these two conditions; hence the hy- 
pothesis is rejected. 

Hypothesis 1c. GSRs should be 
proportional to rate on the lift condi- 
tion. A Duncan test of the R X C 
interaction (see Fig. 1f) indicated that 
GSRs to rates were significantly 
different and in the expected direction 
on this condition, hence the hypoth- 
esis is supported. A Duncan test of 
the TB X R XC interaction, how- 
ever, indicated that the rate relation- 
ship did not appear until the second 
trial block and was due to an increase 
in GSRs to fast rate rather than toany 
change for the natural rate, 

Set hypotheses. —Hy pothesis 2a. In 
the announce condition there should 
be a positive relationship between the 
size of the GSR and both the an- 
nounced weight and announced rate, 


Duncan tests indicated that the an- 
nouncements of a fast rate produced 
larger GSRs (see Fig. 1f) but that 
responses to weights were not signifi- 
cantly different (see Fig. 1d). Thus 
the hypothesis is supported for rates 
but not for weights. However, anal- 
ysis of the rate effect across trial 
blocks indicated that this difference 
between rates had disappeared by the 
second trial block. 

Hypothesis 2b. Conductance levels 
prior to the place, ready, and lift 
conditions should be proportional to 
weights and to rates. Table 1 indi- 
cates that rate was a significant 
overall factor while weight was not. 
But the W X C interaction was sig- 
nificant (p < .05) while R X C was 
only suggestive (p < .20). A Duncan 
test of the W X C interaction indi- 
cated that there were significant 
differences in levels between weights 
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only prior to the ready and lift condi- 

tions (see Fig. 1c) ; thus the hypothesis 

is partly supported for weights. 
Inasmuch as it was unreasonable 
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to expect rate differences to appear 
prior to any knowledge of them (i.e., 
prior to the announce condition), 
Duncan tests were performed on the 
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Fic. 1. Untransformed conductance and change in conductance (GSR) values for inter- 
actions of conditions with each of the other major variables. (All points encircled by the 
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R X C interaction in spite of its lack 
of overall significance. As expected, 
the test indicated significantly higher 
conductance levels for the fast rate 
prior to each condition except the 
announce condition (see Fig. 1e), thus 
the hypothesis is supported for rates, 

Tactual stimulation hypothesis —H y- 
pothesis 3. GSRs should be propor- 
tional to weight in the place condition 
presumably as a function of tactual 
stimulation, A Duncan test of the 
W X C interaction indicated signifi- 
cant differences among weights only 
in the place condition, weight “four” 
producing larger GSRs than the other 
two (see Fig. 1d), thus the hypothesis 
is supported. 

Adaptation hypotheses.—Hypothesis 

4a. Levels, except possibly those 
prior to the announce condition, 
should adapt across trials, A Duncan 
testof the TB X C interaction showed 
significant adaptation for levels meas- 
ured prior to all except the announce 
condition (see Fig. 1a). This adapta- 
tion occurred primarily between the 
first and second trial blocks. The 
hypothesis‘is*confirmed. 
'. Hypothesis 4b. GSRs should adapt 
across trials, most prominently in the 
announce condition and progressively 
less in subsequent conditions. A Dun- 
can test of the TB X C interaction 
showed significant adaptation from 
the first to the second trial block in 
the announce and place conditions, 
from the first to the third trial block 
in the ready condition, but no signifi- 
cant adaptation in the lift condition 
(see Fig. 1b) In addition, the 
amount of decline is in direct relation 
to the order of conditions. Thus the 
hypothesis is supported. 


DiscussioN 


Muscular effort —'The focal issue in 
this study is the relationship between 
the electrodermal responses and muscular 
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effort induced by lifting various weights 
at two different rates. In the two condi- 
tions (ready and lift) which demand 
overt muscular involvement with the 
weights, no relation was found between 
GSRs and weight. That this is a func- 
tion of too small a range of weights seems 
unlikely in view of the fact that signifi- 
cant differences to weights did appear in 
the place condition, where no muscular 
effort was involved. Further a relation 
between rates and GSRs did not appear 
in the lift condition until the second 
trial block, even though Ss executed 
rates of lift correctly in the first trial 
block. Thus, it seems reasonably clear 
that muscular effort does not produce 
proportional GSRs in all of those circum- 
stances where it must if there is a direct 
relationship between them. Perhaps the 
data may be explained better when 
considered from the point of view of 
"set" theory. 

Set formation.—The hypotheses con- 
cerning set were all fairly well confirmed. 
As a preparatory response, set should 
reflect the expected effort but at a time 
prior to the act when the most important 
or most immediate preparations were 
being made. Further, since there were 
two effort variables to prepare for 
(weight and rate), the preparatory re- 
sponses might be reflected in different 
degrees and at different times, depending 
on the specific nature of S's preparations. 
The lift condition was the focal point of 
the task for S. Therefore, set develop- 
ment should occur in a way which would 
optimize the muscular response in that 
condition. The weight and rate aspects 
appeared as physical demands in differ- 
ent conditions, however, thus facilitating 
à separation of the set preparations for 
them. Weight effects, then, should 
appear in the GSRs in the place condition 
and rate effects in the lift condition, as 
the results of this study show. 

Considered from this point of view, it 
is informative to note the shifts across 
trial blocks of the effects of rates of lift 
on GSRs. In the first trial block GSRs 
were proportional to rates in the an- 
nounce condition but not in the lift 
condition. By the second trial block the 
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effect in the announce condition had dis- 
appeared but one had developed in the 
lift condition. The Ss had apparently 
shifted their concern with rates from 
the announce condition, where it was 
aroused, to the lift condition, where it 
was needed. In addition, the data in- 
dicate that some set for rates persisted 
throughout the experiment in the form of 
higher conductance levels for the fast 
rate prior to the place, ready, and lift 
conditions. 

There was no clear evidence for a com- 
parable set for weights. No GSR differ- 
ence occurred when weights were an- 
nounced, nor were conductance levels 
related to weights prior to the place 
condition, although GSRs were related to 
weights once they were presented physi- 
cally (tactually) in the place condition. 
Inadvertently, GSRs to weight in the 
place condition were not allowed to dissi- 
pate fully before the ready condition was 
started. Therefore, the significant differ- 
ences in conductance levels for weights 
just preceding the ready condition cannot 
be clearly interpreted as a set for weights 
in that condition. Prior to the lift con- 
dition, conductance levels for the greatest 
weight were significantly higher than the 
others, which is some evidence for set 
based on weights, although GSRs in the 
lift condition bore no relation to weights. 

Adaptation.—A. second issue in this 
study, stemming from the hypothesis 
that adaptation occurred primarily in 
terms of "mental effort" (which would 
include sets) rather than physical effort, 
led to the prediction and confirmation of 
this effect. Inasmuch as the lift condi- 
tion was the focal point of the task, 
assuming that discrete sets tend to fuse 
or become coordinated with practice, 
progressive diminution and perhaps de- 
lay of preparedness should be expected 
as S becomes more practiced. Thus 
GSRs associated with the various pre- 
liminary conditions should decrease (per- 
haps sequentially) corresponding to the 
remoteness of these conditions from the 
lift condition, as was the case in this 
study (see Fig. 1b). 

The lack of adaptation prior to the 
announce condition also seems explain- 
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able as a function of set. Figure 1a shows 
that levels prior to the last three condi- 
tions were relatively high during the 
first trial block but had diminished to 
levels less than those prior to the an- 
nounce condition by the third trial block. 
On the other hand, those prior to the 
announce condition hardly changed at 
all. Remembering that levels prior to 
the announce condition were recorded 
before S knew what specific weight and 
rate were to be used, it seems reasonable 
to assume that at least two orders of set 
were in operation: one a more general, 
diffuse set for the task as a whole, the 
other a more precise set for the immedi- 
ate weight-rate combination. The more 
general or diffuse sets may include an 
element of general vigilance in which .S 
was in a state of readiness to receive 
instructions. Once instructions are re- 
ceived S may then employ the set for the 
specific task ahead which itself becomes 
gradually refined over trial blocks, 
permitting adaptation of conductance 
levels. 

Taclual stimulation.—GSRs appear to 
be related to tactual stimulation since 
GSR and weight are related in the place 
condition, where tactual stimulation 
occurred in the absence of overt muscular 
effort. GSRs were larger in the place 
condition than in the ready condition, 
thus it appears that tactual stimulation 
produces greater GSRs than moderate 
effort. 

It should be noted that tactual stimu- 
lation is not the only possible explanation 
for greater GSRs in the place vs. the 
ready condition. As noted previously, 
the place condition was the first real 
contact with weights and was the point 
at which S made her major accommoda- 
tion to weight differences in the sense of 
getting "set." Secondly, the possibility 
that a male E was working with female 
Ss should not be ignored. Place was the 
only condition in which E made physical 
contact with Ss. Aside from the sex 
difference, being “done to" may be 
generally more excitatory than "doing." 
Finally, this is the condition in which S 
had to shift from an essentially cognitive 
or central orientation to a partially 
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peripheral one. Such a shift may pro- 
duce sizeable increments in GSR regard- 
less of the nature of the demand. 

Synthesis of findings.—l1f one may 
draw a distinction between the skeletal 
muscles overtly involved in lifting the 
weights and the possible posturing or 
general set activity by calling the latter 
"mental," without prejudicing any gen- 
eral mental-muscular theories, it would 
appear from the present data that the 
findings are more congruent with set 
theory and "mental" functioning than 
they are with overt muscular activity. 
It appears that GSRs and conductance 
levels are more clearly a function of set 
and covert preparatory behavior than of 
overt muscular effort. It also appears 
that GSRs are a function of tactual 
stimulation. 

Contrary to common assumptions in 
the literature that GSRs reflect not only 
the preparatory activities but the phys- 
ical execution of an overt response, it is 
possible that overt muscular activity is 
only minimally related to GSRs if at all. 
The entire GSR and conductance levels 
effects may be entirely central, associated 
with set, shift of set, and executive or 
intentional mental activity. While cen- 
tral activity is at times coincidental with 
overt muscular behavior, when care is 
taken in an experiment to separate these 
effects, it would appear that there is no 
necessary connection between overt mus- 
cular activity and GSR. 
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VISUAL FIELD POSITION AND WORD-RECOGNITION 


THRESHOLD ! 


WILLIS OVERTON anp MORTON WIENER 
Clark University 


Right vs. left visual field recognition-threshold behavior was investi- 
gated by use of monocular rather than binocular viewing condition for 
English words at 2 distances from fixation. While right visual-field 
locations were better recognized than left, the findings suggest this to be 
attributable to the effects in the left hemiretina of the left eye and more 
specifically to the effect of the most distant stimulus position. Several 
explanations including a “selective neural training” and trace-scanning 
“‘post-exposure process" were discussed. None of the present explana- 
tions appear to account satisfactorily for all of the data in the present 


study. 


This study represents an attempt to 
reassess earlier investigations of recog- 
nition thresholds for alphabetic ma- 
terial in varying positions in the visual 
field (Bryden, 1960; Forgays, 1953; 
Harcum & Finkel, 1963; Harcum & 
Jones, 1962; Heron, 1957; Kimura, 
1959; Mishkin & Forgays, 1952; Or- 
bach, 1952; Terrace, 1959). Working 
within a Hebbian framework, Mishkin 
and Forgays found that under condi- 
tions of binocular viewing, alphabetic 
material presented successively; i.e., 
one group of letters or one word 
presented either to the left or to the 
right of a fixation, is better recognized 
to the right. This finding was ex- 
plained by positing a selective sensi- 
tivity of the left hemiretinas which 
develops as a function of training in 
the reading of English (ie., reading 
left to right). Subsequent investi- 
gators found that under conditions of 
binocular viewing, alphabetic material 
presented simultaneously; i.e., stimuli 
occurring both to the left and right of 
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fixation, is better recognized to the 
left. 

To account for these differences 
under successive vs. simultaneous 
presentation conditions Heron (1957) 
and others (Bryden, 1960; Harcum & 
Finkel, 1963) modified the original 
explanation through the positing of a 
"post-exposure process." This proc- 
ess is described as consisting of 
a sequential analysis of the persisting trace 
of the stimulus after the tachistoscopic ex- 
posure, This perceptual analysis of traces, 
or scanning process, does not itself include 
actual overt eye movements, but it includes 
the motor activity in the central nervous 
system which precedes overt movements of 
the eyes in the manner of the phase sequence 
suggested by Hebb (1949)... . The se- 
quence of attending to the traces is assumed 
to correspond to the sequence of successive 
eye fixations across the visual field with the 
stimulus present, if eye movements could be 
made [Harcum & Finkel, 1963, p. 224]. 


(These implicit eye movements are 
assumed to consist of a dominant 
movement towards the beginning of 
any presented alphabetic material and 
a subordinate movement from left to 
right across the material. Thus, suc- 
cessive presentation results in better 
recognition to the right of the fixation 
point because here both implicit 
movements work in concert; in con- 
trast, when the stimuli are to the left 
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of fixation the two implicit move- 
ments are in conflict and a less efficient 
trace scanning occurs. Similarly, for 
_ simultaneous presentation the alpha- 
betic stimuli are better recognized to 
the left because the assumed dominant 
implicit movement of going to the 
beginning of the material prevails. 
The proposed explanation raises 
several issues. One conceptual issue 
is exemplified in Heron's (1957) study. 
Letters were presented to one side of 
a fixation point and a solid line to the 
other, under simultaneous conditions 
—the condition which usually results 
in better recognition to the left. How- 
ever, the letters were better recognized 
to the right. To account for this, 
Heron introduced the assumption of 
an additional special prerecognition 
process; ie., "before the post-expo- 
sural process operates discrimination 
of the stimulus materials must occur 
at some level in the system [p. 47." 
The difficulties inherent in prepercep- 
tion discrimination have been dis- 
cussed in detail elsewhere (e.g., Howie, 
1952; Kempler & Wiener, 1963) and 
require no further elaboration here. 
Other issues derive from the meth- 
ods used in the previous investiga- 
tions. The trace-scanning "'post- 
exposure process" explanation implies 
that recognition is primarily a func- 
tion of the directional component in 
the material to be scanned and the 
Scanning process rather than the 
actual field location of the material. 
Accordingly, varying the distance 
from fixation should not be expected 
to result in a change of relative supe- 
riority of left over right for simultane- 
ous conditions or right over left 
Íor successive conditions. Kimura 
(1959), however, showed that under 
simultaneous conditions, a change 
from left to right field superiority does 
occur, with a concomitant increase in 
distance of material from fixation. 
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Over and above these issues, all of 
the studies have used only binocular 
viewing conditions. Under binocular 
viewing it is not possible to evaluate 
the differential sensitivity of the 
hemiretinas of the left vs. right eye, 
nor of the eyes by hemiretina inter- 
action effect. Differential sensitivity 
of the hemiretinas of either eye could 
well account for the earlier recognition 
data as well as the finding in Kimura's 
study and without the necessity of 
invoking elaborate special processes. 

In addition, there are questions of 
whether the exposure times used in 
all of the earlier studies were in fact 
short enough to eliminate the possi- 
bility of overt eye movements, and 
whether the luminance of the stimulus 
fields were low enough to minimize 
possible afterimages. 

In view of these several issues it 
appears that the explanations thus 
far proposed may be too complex and 
perhaps premature. This study at- 
tempts to investigate the phenomena 
in question where viewing conditions 
are more adequately controlled by: 
(a) the use of monocular viewing; 
(b) varying the distances of stimuli 
from the fixation point; (c) the use of 
luminance levels which are not likely 
to evoke afterimages, and durations 
sufficiently short to preclude possible 
overt eye movement. 


METHOD 


Subjects.—The Ss were 16 paid volunteer 
college students whose vision was corrected 
to 20/20. 

Materials.—Twenty common five-letter 
English words were used as stimuli. Each 
word was printed on 5 of 100 5 X 7 in. cards 
—once, in each of five positions with reference 
to the fixation point. The words were printed 
in India ink with a Leroy lettering kit, 
Plate No. 140, Pen No. 0. Each word was 
approximately 3 mm. high, 14.5 mm. long, 
and subtended a visual angle of 1?3' at a 
distance of 31 in. 

Monocular presentation of stimuli to each 
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eye was accomplished by the use of a specially 
constructed five-field viewing box driven by 
a tachistoscopic timer. This equipment is 
described in Schiller and Wiener (1963). The 
fixation point was centered directly before the 
eye being tested. Each word could be pre- 
sented to either eye in any of the following 
five positions: Position 1— The third letter of 
the word appearing at the same position as the 
fixation point. Position 2—The word be- 
ginning at 29 mm. to the left of fixation (sub- 
tending a 2°6’ visual angle from the beginning 
of the word to the fixation point). Position 3 
— The word beginning at 14.5 mm, to the left 
of fixation and ending at fixation (subtending 
a visual angle at 1°3’ from the beginning of 
the word to fixation). Position 4—The word 
beginning at fixation point and extending 14.5 
mm. to the right (subtending an angle at Pra 
from fixation to the end of the word.) Position 
5—The word beginning at 14.5 mm. to the 
right of fixation and ending 29 mm. to the 
right of fixation (subtending an angle of 2*6" 
from fixation to the end of the word). 

The first position; ie, where the third 
letter of the word appeared at the fixation 
point, was used only in the pretest trials; the 
other positions were used in the test trials. 

Procedure.—In pilot work a luminance 
level of approximately 1.5 footcandles (ftc.) at 
the eye piece, was determined which resulted 
in no report of afterimages. This luminance 
value was used for all Ss throughout the ex- 
perimental procedures. Each S was tested 
for eye dominance by a sighting test; informa- 
tion concerning handedness was also obtained. 
After a general introduction to the equipment 
and the procedure, S was given the pretest 
trials. These pretest trials served to establish 
by the method of ascending limits, the 
recognition threshold for the stimulus words, 
centered at fixation, for each eye. Earlier 
pilot work indicated that 1.5 msec. greater 
than an S's 100% threshold value for his least 
sensitive eye was the most appropriate stim- 
ulus duration value for the test trials in that 
this value yielded an optimal range of (ies 
few 0 and few 20 correct) recognition scores 
for each of the several positions for each of the 
eyes. These pretest trials also served to 
familiarize S with all of the stimuli. 

After a 10-min. rest, the test trials were 
begun. The 80 stimulus cards; ie., the 20 
words in all four positions, were presented in 
random order first to the right eye and then to 
the left. (To half the Ss this order was 
reversed.) The stimulus duration for each S 
was, as described above, 1.5 msec. longer than 
his 100% threshold value for his least sensitive 
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eye. Successive presentation conditions, ie; 
only a single stimulus word presented on each 
trial, was used. Thus, using the method of 
single stimuli, the 20 words were shown to each 
S in all four positions for each eye. The Ss 
were provided with lists of stimulus words 
from which they "guessed" if they were un- 
certain of the word. The exposure durations 
for Ss ranged from 8.5 to 12 msec., mean was 
9.8 msec. 


RESULTS 


There were eight scores for each S. 
Each score was the number of correct 
word recognitions, out of the possible 
20, for each of the four test positions, 
for each eye. An analysis of variance 
was computed for these scores (Table 
1). The means for each field position 
for each eye are shown in Table 2. 

The first finding is that words are 
recognized significantly better when 
presented to the right than the left of 
fixation, F (1,105) = 4.21, p < .05. 
This result is congruent with those of 
the earlier studies in this area. When 
the data, however, are further ana- 
lyzed for each eye, the results indicate 
that the visual field effect noted above 
is attributable primarily to the effect 
obtained with the left eye, F (1, 105) 
= 8.01, p «.05. There is no ap- 


TABLE 1 


ANALYSIS OF VARIANCE OF THE NUMBER OF 
Correct RECOGNITIONS FOR EACH 
POSITION FOR EACH EYE 


a 


Source df F 

Between Ss 15 
Within 5s 112 

Eye (E). 1 3.38 

Visual Field (VF) 1| 421* 

(Hemiretina) 

Distance from Fixation (D) 1|293.43* 

E X VF 1; 8.01* 

EXD 1| «0.00 

VE X D 1 1.28 

VF X EXD 1| 421* 
Error (Mean Square) 105| (6.23) 
Total Ss 127 

i 
*p «.05. 
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INTERMODAL TRANSFER IN A PAIRED-ASSOCIATES 
LEARNING TASK ! 


GARY L. HOLMGREN, MALCOLM D. ARNOULT, ann WINTON H. MANNING 


Texas Christian University 


Sequential patterns of tones presented aurally and visually (by means 
of oscilloscope displays of corresponding sine waves) served as stimuli 
in a paired-associates learning task; nonsense syllables were the response 
terms. In 2 procedures, each using 80 Ss, transfer of training from the 
auditory to the visual task, and the converse, was investigated. As 
hypothesized, positive transfer occurred when the visual and auditory 
stimuli corresponded; negative transfer occurred with the reassignment 
of response terms to stimuli in the transfer task. Results of the experi- 
ment offer evidence for intermodal transfer. Perceptual and media- 
tional models are considered in interpreting the results. 


Relatively few experiments have 
been concerned with specific transfer 
effects between stimuli presented to 
one sense and to another (Gaydos, 
1956; Semmes, Weinstein, Ghent, & 
Teuber, 1954; Sinha & Sinha, 1960). 
The only experiment involving trans- 
fer between vision and audition in a 
learning task is that of Weissman and 
Crockett (1957). They found that 
nonsense words presented orally in a 
paired-associates learning task were 
subsequently recognized at shorter 
exposures in a tachistoscope than were 
control words. Weissman and Crock- 
ett acknowledged, however, that their 
Ss may have had a set to look for the 
words which they had heard earlier. 

The present experiment was de- 
signed to investigate whether positive 
and negative transfer could be ob- 
tained between visual and auditory 
learning tasks under conditions in 
which it was not obvious to S that the 
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fulfillment of the requirements for the MA 
degree. 

*Now at the Army Medical Research 
Laboratory, Fort Knox, Kentucky. 


two sets of stimuli possessed identical 
physical properties. This was accom- 
plished by using as stimuli patterns of 
sine waves which were presented via 
headphones in the auditory task and 
via an oscilloscope in the visual task. 
The hypotheses were as follows: . 

Hypothesis 1. There will be posi- 
tive transfer from the auditory task to 
the visual task (A-V) and vice versa 
(V-A) if the assignment of responses 
to stimuli is the same in both tasks. 

Hypothesis 2. There will be nega- 
tive transfer from the auditory task 
to the visual task (A-V) and vice 
versa (V-A) if the assignment of 
responses to stimuli is different in 
Task 2 than in Task 1. 


METHOD 


Subjects.—The Ss were 160 undergraduate 
students drawn from the general psychology 
course at Texas Christian University. They 
were assigned at random to the various 
experimental groups. 

Stimuli—The stimuli were patterns of 
tones which were matched with respect to 
number of tones in the pattern (four), 
amplitude (recording amplitude of 100 db.), 
duration of each tone (.50 sec.), and duration 
of the intervals between the tones in a given 
pattern (.33 sec.). The total duration of each 
pattern of four tones was 3 sec. The fre- 
quencies of the tones in a pattern were chosen 
from the following set: 460, 580, 725, 880, 
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1000, and 1500 cps. These values were chosen 
because their pitch relationship is one rarely 
encountered in Occidental music. Each of 
the six frequencies was generated by a Hew- 
lett-Packard audio signal generator and was 
recorded on a separate tape by an Ampex 
350 recorder. These tapes were then cut 
and spliced to make the individual patterns. 
Each pattern consisted of four frequencies 
which were randomly drawn from the set 
of six with the restriction that no two pat- 
terns could have the same initial frequency 
and no frequency could appear more than 
once in a pattern. The frequencies (in 
cycles per second) which constituted the four 
patterns used in the experiment were as 
follows: Pattern A (1500, 580, 725, 880); 
Pattern B (460, 1500, 880, 1000); Pattern C 
(880, 1500, 580, 460); and Pattern D (725, 
460, 880, 1000). A test tape was recorded 
which contained these four patterns in a 
series of 12 trials, each trial consisting of a 
randomly determined order of the patterns. 

Responses.—The response terms were non- 
sense syllables having zero association value 
(Stevens, 1951). They were assigned to the 
stimuli in two different orders, as follows: 
Order X (wunH, SIJ, FEH, QOV) and Order Y 
(SIJ, QOV, WUH, FEH). 

Apparatus.—The auditory stimuli were 
presented to S by means of a Wollensak 
Model 1500 tape recorder and head-supported 
earphones designed to exclude as much out- 
side noise as possible. The signals were 
maintained at least 10 db. above the ambient 
noise level, 

Visual stimuli were presented on a 30 X 30 
in. panel which had two circular openings 5 in. 
in diameter and centered vertically on the 
panel with a separation of 2in. A shield 4 in. 
deep was attached to each circular opening. 
The nonsense syllables used as response 
terms were projected on the rear of a ground- 
glass screen in the upper circle. The lower 
circle was a screen of a Tektronix Model 
502 oscilloscope used to display the visual 
analogues of the auditory signals. In order 
to minimize the change in visual angle in 
looking from one screen to the other, S was 
seated 6 ft. from the display panel. The entire 
panel was painted black, and the contrast 
between signal and background was main- 
tained at a high enough level to insure good 
discrimination. At E's station was appro- 
priate equipment for monitoring the auditory 
and visual displays and for recording S's 
responses. 

Procedure.—Each S was tested individually 
according to standard paired-associates learn- 
ing procedures with stimuli and responses 
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exposed for 3-sec. intervals. In order to 
minimize response learning, S was given a 
list of the four nonsense syllables at the 
beginning of learning, and learning was con- 
tinued to a criterion of four errorless trials. 
Each S was assigned at random to 1 of the 
12 experimental groups; these groups were 
divided into two categories depending upon 
whether the sequence of tasks was auditory 
visual (AV) or visual auditory (VA). 

Group AV I. (N = 20) On Task 1 the 
auditory stimuli were paired with the non- 
sense syllables in Order X. On Task 2 the 
visual analogues were paired with the 
syllables in Order X. 

Group AV II. (N = 20) Task 1 was the 
same as for Group I. On Task 2 the visual 
analogues were paired with the syllables in 
Order Y. 

Group AV IIIa. (N — 10) This group and 
Group AV IIIb were designed to control for 
transfer based on “performance-set’’ factors 
(Arnoult, 1957) derived from familiarization 
with the experimental situation and pro- 
cedures. For this purpose it was necessary 
to generate a set of auditory stimuli such 
that no transfer to the visual task could be 
expected in terms of common stimulus 
elements. Four patterns of letters were pro- 
duced by sampling randomly from con- 
sonants of the alphabet with the same 
restrictions that applied in producing the 
patterns of auditory frequencies. The four 
patterns were: Pattern A (uxpw); Pattern B 
(Boys); Pattern C (cxyr); Pattern D (JFHB). 

On Task 1 the patterns of spoken letters 
were paired with the nonsense syllables in 
Order X. On Task 2 the visual analogues 
of tone patterns were paired with the syl- 
lables in Order X. 

Group AV IIIb. (N = 10) The tasks were 
the same as for Group AV IIIa, except that 
the nonsense syllables were in Order Y on 
both tasks. 

Group AV IVa. (N = 10) Task 1 was not 
administered. On Task 2 the visual analogues 
were paired with the nonsense syllables in 
Order X. 

Group AV IVb. (N = 10) Task 1 was not 
administered. On Task 2 the visual analogues 
were paired’ with the nonsense syllables in 
Order Y. 

In the VA sequence the groups, with two 
exceptions, were given the same tasks as in 
the AV sequence but in the opposite order. 
The exceptions were Group VA IIIa and 
Group VA IIIb for which new stimuli had to 
be constructed for Task 1 because the task 
which controlled for the effects of ‘‘per- 
formance set” had to be, in this case, a visual 
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task. Patterns of colored light were used as 
the stimuli for these groups. A box contain- 
ing holders for red, green, yellow, and blue 
filters was attached to the front of the stimulus 
panel. Four individually controlled and sepa- 
rately housed light bulbs were placed in the 
box. Four filter masks were constructed con- 
taining the filters in the following different 
orders: Pattern A (yrBG); Pattern B (BYGR); 
Pattern C (cBnv); Pattern D (Revs). Before 
each trial the appropriate filter mask was 
placed into the filter holder on the front of 
the box. The lights were connected to a timer 
which flashed them on in order from left to 
right when activated. Each light was on for 
a period of .50 sec., with an interval between 
lights of .33 sec. Thus the total duration of 
the pattern was 3 sec., which was identical to 
the duration of the other visual and auditory 
patterns. 

The Ss in each group necessarily received 
slightly different instructions, but the instruc- 
tions for Group AV I on Task 1 may serve as 
an example: 


This is an experiment in which you are 
to learn to pair a pattern of tones, heard 
throught a pair of earphones, with a group 
of letters flashed on this top screen, (The 
Sis given a card with the nonsense syllables 
typed on it.) You will hear four different 
patterns of tones, each consisting of four 
tones, Each of the four patterns will go 
with one of the groups of letters on your 
card. You will hear a pattern of tones 
followed by a short silent period. Then 
you will hear that same pattern of tones 
again, and at the same time one of the 
groups of letters will be flashed on the 
screen, This sequence will be repeated 
until you have heard all four patterns of 
tones and have seen which group of letters 
goes with éach. 

The task will be as follows: As soon as 
you hear a pattern of tones, spell out to 
me which group of letters you think goes 
with that pattern. Then you will hear 
the same pattern again and see what is 
the correct group of letters. This sequence 
will be continued until you have learned 
the task. For the first trial, I want you 
Just to listen to the patterns of tones and 
observe which group of letters goes with 
each. Then I will stop you and we will 
begin the task. Try to learn this task as 
quickly as possible ;you may refer to your 
card, but try to watch the panel as much 
as you can. Are there any questions? 
Ready . . . start. 
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RESULTS 


Table 1 shows the mean trials to 
criterion for each experimental group 
on each of the tasks. The data were 
analyzed in terms of differences be- 
tween groups within tasks (Table 2) 
and in terms of differences between 
tasks within groups (Table 3). All 
comparisons were made both for the 
AV sequence and the VA sequence. 
Groups will be given their sequence 
designations hereafter only in those 
cases in which there was disagreement 
in the results obtained in the two 
sequences. Actually, of the 10 pairs 
of statistical comparisons made, in 
only one case was there a discrepancy 
between the results obtained in the 
AV sequence and the VA sequence. 
All differences were tested for sta- 
tistical significance by means of ! tests. 

Within-task differences.—Before fur- 
ther comparisons could be made it was 
necessary to determine first that no 
intrinsic difference in difficulty existed 
between the orders in which the re- 
sponse terms were assigned to the 
stimuli (see Table 2). Group Illa 
was compared with Group IIIb on 
Task 1 and Task 2, and Group IVa 
was compared with Group IVb on 


TABLE 1 
MEAN TRIALS TO CRITERION 
Task 1 Task 2 
Group — 

M SD M SD 
AV I | 15.60 | 4.53 | 8.55 | 2.89 
AV II | 14.95 | 3.57 | 19.10 | 4.31 
AVIIIa | 8.0 | 3.12 | 11.90 | 2.55 
AV IIIb | 8.90 | 2.30 | 13.70 | 3.82 
Combined AV IIIab| 8.55 | 2:77 | 12.80 | 3.36 
AV IVa 19.70 | 1.35 
AV IVb 19.50 | 2.01 
Combined AV IVab 19.60 | 1.93 
VA I | 18.80 | 3.49 | 6.95 | 1.50 
VA II 19.55 | 3.20 | 20.80 | 3.57 
VAIIIa | 9.30 | 1.01 | 12.90 | 1.81 
k; VA IIIb 8.90 | 1.17 | 13.70 | 3.00 
Combined VA IlIab| 9.10 99 | 13.30 | 2.52 
VA IVa 16.90 | 1.81 
VA IVb 16.70 | 2.65 
Combined VA IVab 16.80 | 2.20 
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TABLE 2 
WITHIN-TASK DIFFERENCES 
Task 1 Task 2 
Groups 
ema SDI Mar 1 deem datos eco 1 
AV IIIa. vs. AV IIIb —.70 | 2.89 18 —.54 —1.80| 3.42 18 —1.48 
AV IVa. vs. AV IVb .20| 2.09 18 .32 
AV IIIab vs. AV IVab —6.80| 2.84 38 —1.58*** 
AV I vs. AV II .65 | 5.21 38 .39 —10.55| 3.78 38 —8.87*** 
AV I vs. AVIIlab] 7.05 | 3.85 38 5.58*** | —4.25| 3.23 38 4.16*** 
AV II vs. AVIIlab} 6.40 | 4.39 38 4.60*** 6.30| 3.96 38. 5.00*** 
VA IIa vs. VA IIb .40 | 1.03 18 87 —.80| 2.61 18 —.68 
VA IVa. vs. VÀ IVb .20| 2.39 18 9 
VA IIIab vs. VA IVab —3.50| 2.46 38 —4,50*** 
VA I vs. VA II —.15 | 343 38 —.69 —13.85| 2.81 38 | —15.56*** 
VA I vs.VAIllab| 9.70 | 2.68 38 | 11.45*** | —6.35| 2.12 38 —9.48*** 
VA II vs. VA HlIab | 10.45 | 2.43 38. | 13:57*25. 7.50] 3.17 38 1507, 
eek p < 001. 
Task 2. In all cases the differencesin on the transfer task. Consequently, 


performance were not statistically 
significant (p > .05), so it was con- 
cluded that no differences in intrinsic 
difficulty were present. For all fur- 
ther comparisons these subgroups 
were combined to form Group IlIab 
and Group IVab. 

In order to determine the effect on 
transfer of "performance-set" factors, 
Group lllab was compared with 
Group IVab on Task 2. Group 
IIIab performed significantly better 
(p < .001) on Task 2, leading to the 
conclusion that familiarity with the 
task situation improves performance 


the performances of Group I and 
Group II were evaluated by com- 
paring them with Group IIIab. 

On Task 1 Group IIIab performed 
significantly better (p < .001) than 
Group I, indicating that paired- 
associates learning with the tones or 
visual analogues was more difficult 
than comparable learning with pat- 
terns of consonants or patterns 
of colors as stimuli. Nevertheless, 
Group I performed significantly better 
(p < .001) than Group IIIab on Task 
2. The transfer shown by Group I 
cannot, then, be wholly attributed to 


TABLE 3 


BETWEEN-TASK DIFFERENCES 


Tasks Groups Mean Diff. df t 
2 vs. 1 AV I —7.05 38 —5.68*** 
2vs.1 AV II 4,15 38 2.57* 
Combined Tasks AV I vs. AV II —11.20 38 —4,97* 
2 vs. 1 AV IIlab 4.25 38 PA uiid 
2vs.1 VA I —11.85 38 —4,31*** 
2 vs. 1 VA II 1.25 38 1.13 
Combined Tasks VA I vs. VA IT —13.10 38 —4.52*** 
2vs.1 VA IlIab 420 | 38 5.06*** 


*p «.05. 
sr pu < 001. 
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the effects of performance set. In the 
case of Group II, the patterns of tones 
or visual analogues were again more 
difficult to learn (p < .001) than the 
patterns of consonants or colors. On 
Task 2, however, Group II performed 
significantly more poorly than Group 
Illab (p < .001), indicating a nega- 
tive transfer effect. On Task 2 the 
performance of Group I was neces- 
sarily better than the performance of 
Group II (p < .001). 

Between-task differences.—The per- 
formance of Group I was significantly 
better (p < .001) on Task 2 than 
on Task I, and, furthermore, the 
difference between the two groups was 
significantly greater on Task 2 than 
on Task 1 (p < .001) (see Table 3). 
In the AV sequence the performance 
of Group II was significantly poorer 
on Task 2 than on Task 1 (p < .02), 
but this difference did not achieve 
significance in the VA sequence, al- 
though it was in the same direction. 
In these comparisons the negative 
transfer effects expected from reas- 
signment of response terms would be 
expected to be diminished by the 
positive transfer resulting from per- 
formance-set factors. Group Illab 
required significantly more trials to 
criterion on Task 2 than on Task 1 
(p < .001), indicating that there was 
a significant difference in the intrinsic 
difficulty of the two tasks performed 
by that group. 

These results, taken together, 
clearly support both of the experi- 
mental hypotheses. Even though the 
stimuli were presented via different 
modalities in the two tasks, when the 
assignment of responses to stimuli in 
the transfer task is the same as that 
employed in the training task positive 
transfer results; a different assignment 
of responses to stimuli produces nega- 
tive transfer, 
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Discussion 


The results of the experiment clearly 
support both of the hypotheses offered 
concerning the positive and negative 
transfer to be expected between tasks 
utilizing auditory and visual stimuli 
having common physical properties. Al- 
though the two sets of stimuli were 
generated from the same source (a mag- 
netic record on paper tape), the form in 
which they impinged upon S's sense 
receptors was wholly different. The Ss 
were informally questioned after the 
completion of both tasks as to whether 
they had noticed any similarity between 
the two sets of stimuli, and none reported 
that they had. Under such circum- 
stances, to what can the transfer be 
attributed? Certainly one cannot as- 
sume that the task is representative of 
the A-B, C-B transfer paradigm because 
that paradigm cannot account for the 
results. 

One possible paradigm would be A-B, 
A’-B, in which case it is assumed that 
there is generalization between the stim- 
uli of Task 1 and Task 2, and the problem 
becomes one of finding a basis for the 
generalization. A speculative answer to 
the problem can be provided in the fol- 
lowing way: Suppose it is a property of 
the central nervous system to sort, 
classify, and categorize all incoming stim- 
uli according to their physically measur- 
able properties—length, width, bright- 
ness, hue, duration, etc. Memories 
would be coded in terms of these prop- 
erties and also in terms of associated 
stimuli. Any two stimuli whose codes 
overlapped would presumably show some 
similarity as measured by stimulus 
generalization. In the present case, the 
stimuli in Task 1 would be coded in 
terms of their physical properties and in 
terms of the association provided by the 
response term, When new stimuli were 
presented in Task 2, even though they 
arrived via a different sensory system, 
there were many physical properties 
Which could be properly coded in the 
Same terms used to code the stimuli of 
Task 1. Furthermore, in the case of 
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Group I, that coding would be reinforced 
by the fact that the same response term 
accompanied the stimulus in each case. 
Therefore, positive transfer would be 
expected. In the case of Group II, the 
old coding system was adequate for sort- 
ing (discriminating) the stimuli, but led 
to an incorrect association. The con- 
sequent unlearning and relearning neces- 
sary produced negative transfer. This 
model assumes that the hypothesized 
coding system is intermodal and is an 
inherent property of the nervous system. 
Consequently, it is appropriate to label 
this a perceptual model. 

Another explanation for the transfer 
effects obtained would be based on a 
mediational model, for which the para- 
digm would be A-B, A-C, C-B. This 
paradigm assumes that the transfer is 
based upon specific past learning which 
mediates a similarity relationship be- 
tween the stimuli of Task 1 and the 
stimuli of Task 2. In this case the 
particular learning involved would be 
of two sorts: (a) knowledge of the 
relationship between pitch and fre- 
quency, and (b) knowledge of the arbi- 
trary system of sine waves used to repre- 
sent frequencies. As was mentioned 
earlier, none of the Ss when queried by E 
could state a relationship between the 
two sets of stimuli, which argues against 
a mediational explanation. Itis possible, 
however, that such learning did provide 
the basis for the transfer between the 
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auditory and visual task, even though S 
could not verbalize it. 

At the present time there seems to be 
no way to design a critical experiment 
which would allow one to choose between 
the perceptual model and the mediational 
model. Both models appear to be sup- 
ported or weakened by the same kinds of 
data. Perhaps a decision could be 
reached if the experiment were repeated 
on a sample of primitives who had no 
knowledge of the relation between pitch 
and frequency and no familiarity with 
sine waves as symbols for frequency. 
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ABSOLUTE JUDGMENTS OF DURATION ! 
LAWRENCE E. MURPHY? 


University of Arizona 


An informational analysis was used to determine the maximum number 
of durations that Ss can identify. 20 Ss made absolute judgments of 
3 to9 auditory durations. The results indicate that, for durations in the 
range of .5 to 5.0 sec., accurate judgments were made for each of 6 to 7 
durations; on the other hand, with intervals selected from a .1 to 1.0 
sec. range, only 4 to 5 durations could be identified accurately, Knowl- 
edge of past results was found to aid in judgments in the .5 to 5.0 sec. 
range. The number of stimulus durations, knowledge of results, and 
range of durations were each found to have a significant effect on in- 


formation transmission. 


The usual methods of studying time 
perception have been verbal estima- 
tion, production, reproduction, and 
comparison (Wallace & Rabin, 
1960). Using these methods, results 
have been reported in terms of per- 
centage of error with respect to the 
tested durations. Another method 
was suggested by the advent of in- 
formation theory. This method has 
been used by Hawkes (1961) in judg- 
ments of a narrowrange of .5 to 1.5 sec. 
to determine the amount of informa- 
tion transmitted via electrical cutane- 
ous stimulus durations. His data 
indicate that only three durations 
were identified on an absolute basis. 

The present study was designed to 
determine the amount of information 
transmitted in judgments of duration, 
to define the maximum number of 
durations that can be identified, and 
finally, to determine the effects of 
stimulus range and knowledge of 
results on information transmission. 
Following the conclusions of Woodrow 
(1951) and Piéron (1952) with regard 
to the lower and upper limit of 

„This paper is based upon a thesis sub- 
mitted to the University of Arizona in partial 
fulfillment of requirements for the MA degree. 
The research was directed by Neil R. Bartlett 
and supported by National Science Founda- 
tion Grant G-8720. 

2 Now at the University of San Francisco. 


unitary perception of duration, the 
"mental present," the durations ex- 
amined ranged from .1 to 5.0 sec. 
Within these limits, the durations 
were selected so that the differences 
between stimuli exceeded the jnd's 
reported by Woodrow (1951). 

The results of other absolute-judg- 
ment studies of unidimensional con- 
tinua (Garner, 1962), and particularly 
Miller's (1956) hypothesis that the 
limit of perceptual categories can be 
described roughly in terms of the 
"magical number seven plus or minus 
two,” led to the initial hypothesis that 
the maximum number of identifiable 
durations would be of the order of six < 
or seven different intervals. It was 
further hypothesized, on the basis of 
the conclusions of Alluisi (1957), that 
knowledge of results would increase 
information transmission in the judg- 
ment of durations. The final hy- 
pothesis was that in judging relatively 
long durations of .5 to 5.0 sec., where 
Ss are able to use some tactic for 
marking time, such as counting, 
tapping fingers, or some similar ac- 
tivity, the information transmission 
would be greater than when judging 
short time intervals of .1 to 1.0 sec., 
where time marking cannot be used 
effectively due to the brevity of the 
durations. 
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METHOD 


Subjecis.—The Ss were 20 students, 14 
males and 6 females. 

Apparatus.—The auditory stimuli were 
1000-cps tones generated by a Hewlett- 
Packard oscillator; Model 200 CD. The 
length of the durations and the interstimulus 
interval were controlled by two Hunter decade 
interval timers, Model 100-C. The durations 
were monaurally recorded on Scotch magnetic 
tape, No. 111-12, at a speed of 15 in/sec, 
with a Roberts tape recorder, Model 990. 
The instructions to Ss and practice durations 
were also recorded. A response-indication 
board, consisting of a variable number of 
target squares arranged geometrically in a 
semicircle, was provided for Ss to indicate 
their judgments by pointing to one of the 
target squares with an attached stylus. 

Procedure.—The Ss were divided into four 
groups of five Ss each. Group 1 judged from 
three to nine durations, ranging from .5 to 
5.0 sec., and received knowledge of results or 
“feedback” immediately after each response. 
The feedback, which was explained to Ss 
before testing, consisted of a simple “uh-huh” 
by E only when the judgment was correct. 
Group 2 judged from three to nine durations 
over the same range of .5 to 5.0 sec., but did 
not receive any feedback. The durations 
judged by Groups 1 and 2 were the following: 
-5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 5.0 sec. 
These were termed the "long" durations. 
The interstimulus interval was 3.0 sec., during 
which S made his response. Group 3 judged 
from three to nine durations, ranging from .1 
to 1.0 sec., and received feedback. Group 4 
judged the same number and range of dura- 
tions, but did not receive any feedback. The 
durations judged by Groups 3 and 4 were the 
following: .1, .2, .3, .4, .5, .6, .7, .8, and 1.0 
sec. It was assumed that, in judging this 
range of relatively "short" durations, Ss 
could use some form of time marking only 
to a minimal degree or not at all. The inter- 
stimulus interval was 5.0 sec. 

Prior to each test series, the 5s were pre- 
sented with practice durations in an ascending 
order from the shortest to the longest interval 
of the particular test series. The practice 
durations were repeated as often as necessary 
until S felt that he was well acquainted with 
the particular test durations and the appro- 
priate judgment response to each stimulus 
duration. The Ss were told to use any 
subjective means possible to aid their judg- 
ment of the lengths of time. In each succes- 
sive stimulus series, the number of durations 
ran consecutively from three to nine. The 
durations within each series were presented 
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according to a design in which each duration 
was presented equally often and each possible 
pair of durations was presented just once. 
"Thus, in the first test series of three different 
durations there were 9 trials, whereas in the 
final test series of nine separate durations 
there were 81 trials. The design was such 
that the shortest and longest durations of 
the range were presented in each test series 
to serve as anchor points. The additional 
durations were added so that there were 
approximately equal differences between the 
durations in each series, Responses were 
recorded on a prepared data sheet by E who 
sat to the left and behind S where E could 
view the response-indication board. 

Analysis of data.—Following the conven- 
tional form of information-theory analysis, 
the data were arranged in a stimulus-response 
frequency matrix. Using the formulae as 
presented by Attneave (1959, pp. 47-48), a 
transmitted-information value was calculated 
for each S in each stimulus series of three to 
nine durations. The maximum information- 
transmission value, regardless of the number 
of durations, was thus determined for each .S. 
Since Ss were told the first and second dura- 
tions presented in each test series were the 
shortest and longest of the range, the re- 
sponses to these stimuli were not included in 
the analysis. 


RESULTS AND DISCUSSION 


The mean information transmitted 
as a function of number of stimulus 
durations for each group of five Ss 
is shown in Fig. 1. It can be seen 
that Groups 1 and 2 who judged the 
relatively long range of durations were 
able to reach a higher level of trans- 
mitted information than Groups 3 and 
4 who judged the short range of in- 
tervals. With regard to correctly 
identified judgments of duration, only 
those Ss in Group 1 who received 
feedback after each response attained 
perfect transmission values up to a 
level of six durations. One S in this 
group performed perfectly through all 
stimulus series including nine dura- 
tions. While individual Ss in other 
groups showed perfect scores in some 
stimulus series, especially with three 
and four durations, the group means 
departed from perfect transmission 
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Fic. 1. Group means with respect to the 
number of stimulus durations. (Transmitted 
information is plotted as a function of in- 
creasing stimulus uncertainty. Groups 1 and 
2 judged the long range of durations, while 
Groups 3 and 4 judged the short range of 
durations. Groups 1 and 3 received feedback 
while the others did not.) 


even when the stimulus uncertainty 
was relatively small. 

The maximum transmitted infor- 
mation value of each SS is presented in 
Table 1. The limit of the Ss in the 
judgment of durations ranging from 
+5 to 5.0 sec. was 2.77 bits, the aver- 
age maximum transmission value of 
Groups 1and 2. This value represents 
accurate identification of six to seven 
durations and thus tenatively sup- 


TABLE 1 


MAXIMUM TRANSMITTED INFORMATION 
VALUE FOR EacH S 


Long Durations 


Short i 
CESO an) ort Durations 


(.1-1.0 sec.) 


Feedback |No Feedback| Feedback |No Feedback 


Group 1 Group 2 Group 3 Group 4 
2,82 2.32 2.32 1.59 
347 2.68 2.01 2.19 
2.93 2.79 2.47 2.05 
3.06 2.81 1.71 2.02 
2.81 2.32 2.00 2.00 

M M M M 
2.96 2.58 2.10 1.97 


Note.—All values are bits of information. 
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ports the initial hypothesis of this 
investigation. It should be noted, 
however, that the average maximum 
transmission value of Group 1, where 
Ss judged the long range of durations 
and received feedback, was obtained 
when judging nine stimulus durations, 
the highest stimulus uncertainty in 
the present study. As plotted in Fig. 
1, the information-transmission curve 
for Group 1 shows no satisfactory 
asymptote; it can thus be tentatively 
hypothesized that the information- 
transmission maxima could be reached 
with a greater number of stimulus 
alternatives. In the present investi- 
gation the durations examined were 
within the range of .1 to 5.0 sec.— 
the approximate limits of the “uni- 
tary perception of duration"; with a 
greater number of stimulus alterna- 
tives, it would be necessary to extend 
the range well beyond the upper limit 
of 5.0 sec. With judgments of shorter 
durations of .1 to 1.0 sec., the aver- 
age maximum transmission value of 
Groups 3 and 4 was 2.04 bits, or accu- 
ratejudgmentsof four to five durations. 

Inspection of Fig. 1 indicates group 
differences in information transmis- 
sion as a function of increasing num- 
ber of durations with regard to the 
feedback-no feedback variable and the 
long- short-range variable. The main 
effects of  feedback-no feedback, 
F (1, 16) = 4.75, p « .05, and long- 
short-range of durations, F (1, 16) 
= 51.10, p < .001, were significant 
while the interaction of these factors 
was not significant, F (1, 16) = 2.68. 
The effect of the number of stimulus 
durations was highly significant, 
F (6, 96) = 38.33, p < .001, as was 
expected with the particular experi- 
mental design used. The interactions 
of number of stimulus durations and 
range, F (6,96) = 24.33, p < .001, 
number of stimulus durations and 
feedback, F (6,96) = 2.70, p < .05, 


ABSOLUTE JUDGMENTS OF DURATION 


as well as the triple interaction, 
F (6, 96) = 2.40, p < .05, were found 
to be significant; thus, the interaction 
effects of feedback and range of 
durations differ in magnitude from 
level to level of the number of stimulus 
durations. The results of the analysis 
of variance support the hypothesis 
that feedback on the accuracy of 
preceding judgments of duration is a 
significant aid to information trans- 
mission. However, the significant 
triple interaction, with relation to the 
plotted mean functions as shown in 
Fig. 1, points out that feedback is a 
significant aid only in the case of 
judging durations of .5 to 5.0 sec. as 
the stimulus uncertainty increases 
above three and four durations. 


As was hypothesized, Ss are able to 
attain a higher level of information 
transmission when judging relatively 
long durations up to 5 sec. than when 
judging short durations of 1 sec. or less. 
This conclusion is supported by the 
significant effect of the long- short-range 
factor. It is assumed that the ability 
to use counting or some other form of 
time marking was responsible for the 
difference in information transmission 
between the groups which judged the 
long and short durations. This assump- 
tion was checked by questioning Ss after 
they had been tested. Those Ss who 
judged the long range indicated that 
they had utilized some form of time 
marking, while Ss who judged the short 
range reported that the durations were 
so brief that they were able to mark time 
only to a minimal degree if at all. The 
results of this investigation indicate that 
there may be a duality of process in the 
judgment of duration. With very brief 
intervals, the ability to use time-marking 
systems is extremely limited or absent. 
Thus, the individual judges the length of 
time with respect to one cue—extent of 
stimulation. On the other hand, when 
the intervals are of sufficient length to 
permit the use of time-marking systems, 
the individual uses at least two cues— 
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extent of stimulation and marking events 
within the extent of stimulation. It may 
be inferred that the effect of immediate 
knowledge of past results serves to 
stabilize and correct the precision of the 
marking events used by the individual. 

The method of judging duration as 
used in this investigation may be viewed 
as a useful supplement to the present 
methods of studying time perception. 
The S's judgments are not dependent on 
physical time units as in the methods of 
verbal estimation and production, and 
S is not required to judge or duplicate 
past time as in the methods of reproduc- 
tion and comparison. Furthermore, the 
method of absolute judgments is effective 
when an indication of the number of 
durations that an individual can perceive 
categorically is desired. The results of 
this research conform to the results of 
other studies of unidimensional continua 
and further support the theory that the 
human individual does indeed have a 
very limited capacity of perceptual 
identification. 
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ERRORS AND ERROR CORRECTION IN 
CHOICE-RESPONSE TASKS! 


P. M. A. RABBITT? 
Section on Aging, National Institutes of Health, Bethesda, Maryland 


The latencies of responses preceding errors, of errors, of responses made 
to correct errors, and of responses following error correction were 
examined in a 4-choice and in 2 10-choice continuous-performance 
choice-response tasks (groups of 17 and 18 young Ss). Latencies of 
responses preceding errors were not different from the mean latency for 
all correct responses. Errors and responses correcting errors were 100- 
150 msec. faster than equivalent correct responses (p <.01). The 
first correct response following error correction was slower than other, 
equivalent, correct responses. No aftereffects of committing an error 
upon response rate were observed beyond the 2 responses following 
error correction. An attempt was made to classify errors into different, 
causally related types, and some practical and theoretical implications 


of the results are described. 


The occurrence of errors is a crucial 
argument for the use of the informa- 
tion metric to describe human per- 
formance in choice-response tasks. 
Hick (1952) demonstrated that the 
limiting rate at which Ss can respond 
depends on the number of stimulus 
and response alternatives, and may be 
conveniently expressed in bits/sec as 
a “channel capacity.” The Ss who 
were obliged to exceed this limiting 
capacity in a paced task made errors, 
and there was a trade-off (equivoca- 
tion) between the number of errors 
and the amount by which the required 
rate of responding exceeded the maxi- 
mum rate of gain of information. 

However, Ss also commit errors in 
very simple self-paced serial-response 
tasks when they are not stressed or 
fatigued and when conditions are as 
favorable as can be contrived. This 
is interesting because it might be sup- 
posed that they can choose to respond 

1 The writer is greatly indebted to JESES 
Birren for much discussion and advice, and 
to R. Conrad whose criticisms greatly im- 
proved the manuscript. 

*Now returned to Medical Research 


Council, Applied Psychology Research Unit, 
Cambridge, England. 


within their maximum rate of gain of 
information. It was therefore con- 
sidered useful to examine the latencies 
of such errors and to see if their causes 
might be deduced from the context 
in which they occurred. 

The general model of a limiting rate 
of gain of information is, of course, à 
statistical fiction and is not intended 
to describe the mechanism of the 
perceptual-motor system, or to predict 
failures in the identification of a 
particular stimulus or the production 
of a particular response. Different 
tasks may stress different parts of the 
perceptual-motor system. Indeed, er- 
rors made during the same task may 
conceivably represent very different 
types of breakdown in performance. 

The speed with which errors are 
recognized and corrected is an im- 
portant consideration in most indus- 
trial tasks, and also represents an 
interesting theoretical crux for models 
of information transmission. For ex- 
ample, it can be argued that an S must 
transmit more information when cor- 
recting an error than when making 
any other correct response, since he 
must both recognize that he has made 
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a wrong response and then select the 
correct response from the set of re- 
maining responses. Alternatively the 
occurrence of an error may not imply 
a complete failure to transmit any 
information as to which signal has 
occurred. Errors may represent ‘‘ap- 
proximations" to a correct response, 
or be confusions of a systematic kind. 
In this case an S correcting an error 
may, in fact, have partial information 
about the response he should have 
made, and so respond more quickly. 
These questions were examined in the 
experiments described below. 


EXPERIMENT I 


A pilot study was made to compare 
the latencies of errors and the re- 
sponses following them in a 10-choice 
and in a 4-choice serial-response task. 


Method. 


Apparatus.—The Ss were tested on a 
"Psychomet'" (cf. also Birren, Riegel, & 
Morrison, 1962). From Ss point of view this 
apparatus consisted of a console panel set at 
an angle of 25? to the vertical, placed on a 
desk at which he sat. A signal lamp was 
mounted behind each of 10 circular apertures, 
1 in. wide and 1 in. apart from edge to edge, 
set in a horizontal row across the upper half 
of the panel. Translucent shielding diffused 
light so that when any lamp came on the 
aperture appeared as an evenly illuminated 
disc. Ten contact-grids were mounted in a 
horizontal row across the bottom of the panel, 
each grid set 6 in. vertically below one of the 
apertures. These grids were 1 in. square and 
4 in. apart. 

Programs read by a Rheem photoelectric 
reader and ancilliary apparatus allowed the 
signal lamps to be switched on one at a time 
in any sequence desired. All programs used 
were made up so that a lighted lamp was 
immediately switched off by a touch on the 
contact grid vertically beneath it. The Ss 
always touched the contact grid with the fore- 
finger of their dominant hands, The next 
signal in the programed sequence then came 
on within 20 msec. The S was required to 
answer each new signal in turn and so to 
continue as fast as possible through the 
entire sequence programed by E in advance. 
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The elapsed time between successive re- 
sponses, whether correct or wrong, was 
measured to within .01 sec. by a SETAR 
(Welford, 1952) and recorded on punched 
tape. The SETAR code for each response 
specified which grid was touched and whether 
the response was correct or wrong. Errors 
were timed and recorded in the same way as 
correct responses, but the signal lamp did not 
change until an error was corrected by a 
touch on the "correct" contact grid specified 
by the Rheem program. Thus S was always 
obliged to correct errors by making the re- 
sponse he should have made before he could 
continue the sequence. The machine logic 
could not result in systematic differences in 
the timing of errors and correct responses. 

Sequence programs.—Two experimental 
conditions were programed. Condition 1: 10- 
choice task. The signal bulbs were considered 
as being numbered from 1 to 10 reading from 
left to right across the console. Two separate 
sequences, each consisting of 300 signals and 
responses, were then programed from tables 
of random decimal digits. Condition 2: 4- 
choice task. Programed in the same way 
using only Lights 1, 4, 7, and 10. Two sepa- 
rate sequences of 300 signals and responses 
were programed in random order obtained by 
shuffling a pack of equifrequent numbered 
cards, 

Both the 10-choice and the 4-choice se- 
quences were programed with the constraint 
that no signal ever followed itself. Since a 
new signal appeared within 20 msec. of a 
correct response two successive signals on the 
same lamp might not have been discriminated 
as separate events. The Ss thus always knew 
that they had made an error when the display 
failed to change after a response. 

Test procedure.—The Ss were seated before 
the console in a quiet, dimly illuminated room. 
Programing and recording equipment was in 
an adjoining room and was not intrusively 
audible. The task was demonstrated using a 
program of the condition on which .S was to 
begin. Another programed sequence in the 
same condition was then set up in the Rheem 
reader, and S was run through an entire 
sequence of 300 signals and responses in the 
remaining condition. Half the Ss began with 
Cond. 1 and then experienced Cond. 2. The 
remainder reversed the order of practice. 

Subjects.—Thirteen men and 5 women 
aged between 18 and 24 yr. served as Ss. 
All were undergraduates at Florida Presby- 
terian College? None knew the purpose of 


* The writer acknowledges with pleasure 
the use of facilities of the Public Health 


266 


600 


RESPONSE TIME : MILLISECONDS. 


ERROR ERROR EC! 
IRECTION 


CORI 


P. M. A. RABBITT 


10 CHOICE 


4 CHOICE 


EC+2 EC+3 EC+4 EC+5 


CLASS OF RESPONSE 


Fic. 1. 


Latencies of correct responses, errors, error-correcting responses, and responses 


following error correction in a 4-alternative and in a 10-alternative self-paced, choice-response 


task. 


the experiment or were able to guess it when 
questioned after testing. 


Results 


Scoring.—A computer program was 
written to sort responses made by Ss 
into the following categories : 

All responses on which S touched a 
key other than that appropriate to 
the signal light were classed as Errors. 

When S touched the wrong contact 
grid the signal light did not change. 
To continue the sequence he had to 
make the response which he should 
have made. These responses were 
classed by the program as Error- 
correcting responses. 

The first six responses following 
each error-correcting response were 
tested in turn and, if correct, were 
sorted into six categories of Responses 
following error correction; (Error-cor- 
recting response +1, 2,3 ... 6). If 
Service Study Group for Accidents and Aging, 


St. Petersburg, Florida, and the generous 
personal support of A. Lawton. 


any of these six responses following an, 
error-correcting response was an error, 

it was so classified, and the responses 

following it were classified as error- 

correcting responses, etc. , 

All correct responses not included in 
the categories described above com- 
prised the class of Correct responses. 

No response was represented in 
more than one category. The pro- 
gram automatically computed means 
and SDs for each S's response latencies 
for each of the categories described. 
These are plotted in Fig. 1. 

An overall analysis of variance was 
carried out on the means obtained for 
all categories of responses in both 
conditions. Response latencies ™ 
Cond. 1 (10 choice) were significantly 
longer than in Cond. 2 (4-choice) 
(b < 01). Response latencies also 
differed significantly between the dif- 
ferent categories of responses €X 
amined (p < .01). This was con 
firmed by a separate analysis carr! 
out on the data for each condition 
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(p < .01 in each case). Differences 
between response latencies between 
these categories were further examined 
by ¢ tests. 

In Cond. 1 (10 choice) latencies of 
errors were not significantly different 
from those of error-correcting re- 
sponses (p > .10) but both errors and 
error-correcting responses were faster 
than all other correct responses 
(£23.01, p < .01). The first re- 
sponse following an error-correcting 
response was significantly slower than 
any other class of response (t = 2.98, 
p «.01)  Latencies for error-cor- 
recting response +2, +3... +6 
were not significantly different from 
those obtained for all other correct 
responses. 

In Cond. 2 (4 choice) errors and 
error-correcting responses were again 
faster than all correct responses 
(t = 2.97, p. < .01). The first re- 

. sponse following error correction was 
slower than the mean for correct re- 
sponses (t = 3.21, p < .01) but la- 
tencies of other responses following 
error correction were not significantly 
different from the mean latency for 
correct responses. 

The Ss made errors on 3.7% of re- 

. sponses in Cond. 1 (10 choice) and on 
1.495 of their responses in Cond. 2 
(4 choice). This difference was sig- 
nificant (t = 3.24, p < .01). 

To summarize, in both the 4-choice 
and the 10-choice tasks errors were 
faster than correct responses. This 
is not very informative, since it is 
probable that errors occur for a 
variety of reasons, and possible that 
there are systematic differences in the 
latencies of different types of errors. 
A logical next step was to examine 
errors in detail to see whether their 
causes could be determined from their 
context. 

Since errors were faster than correct 
responses it was important to discover 
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whether they were also preceded by 
very fast responses. It might then be 
argued that Ss commit errors when 
they try to respond faster than their 
maximum rate of gain of information 
permits. 

In Exp. I error-correcting responses 
were faster than any other class of 
correct responses. This finding can 
again only be assessed when it is 
known whether some types of errors 
are more rapidly corrected than 
others, and whether other variables 
determine the latencies of error- 
correcting responses. The possibility 
that timing artifacts were produced 
by the sequence in which events were 
recorded could also only be checked 
by a close examination of the data. 
The same problems arise in consider- 
ing the finding that responses immedi- 
ately following an error-correcting 
response were slower than responses 
in any other category examined. 


EXPERIMENT II 


A second study was undertaken to 
investigate these points more fully 
using a 10-choice task similar to that 
described in Exp. I. 


Method 


The apparatus and details of the method 
employed in this experiment were identical 
to those described for Exp. I. Four different 
programs of 300 signals and responses were 
made up as described for Cond. 1 (10 choice) 
Exp. I. The Ss were each run through two 
of these sequences with an intervening rest 
pause of 5 min. 

Seven women and 11 men aged from 19 to 
29 yr., served as Ss. All were laboratory staff 
at the National Institute of Mental Health, 
but proved unaware of the purpose of the 
experiment when questioned after testing. 
All volunteered to serve without payment. 


Results 


A computer program was written to 
obtain a print-out of the SETAR 
output data. The record was then 
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examined by eye to classify errors. 
Two general classes were distin- 
guished. Adjacent errors when an S 
touched a key adjacent to one which 
he should have touched, and Non- 
adjacent errors when he touched some 
key not adjacent to the correct key. 
These main classes were further sub- 
divided as follows. 

Adjacent errors —The working hy- 
pothesis was adopted that most errors 
on which Ss touched a key adjacent 
to the correct key were failures of aim. 
If this were so the difficulty of aiming 
between grids, and therefore also the 
incidence of adjacent errors, should 
increase with the amplitude of move- 
ments between keys (Fitts, 1954). 
To test this hypothesis all cases in 
which an S made errors in responding 
between grids separated by 0, 1, 2, 
3... 9 other grids were enumer- 
ated. Seventy-eight percent of all 
adjacent errors occurred when an sy} 
had to reach across 5 or more grids, 
(i.e., had to make a reach of 8 in. or 
more). This was significantly greater 
than chance expectation (p < .01), 
so that the probability of committing 
an adjacent error seems to be directly 
related to the amplitude of reach 
involved. The hypothesis that some 
of these errors are due to failures in 
perceptual discrimination is in no way 
excluded. 

On this working hypothesis, ad- 
jacent errors were subdivided into 
"undershoots" and “overshoots’’ de- 
pending on whether S underreached 
or overreached the correct grid. The 
contact grids may be visualized as 
being numbered from 1 to 10 reading 
from left to right across the console. 
An S moving from Grid 1 to Grid 6 
and missing would make an under- 
shoot if he touched Grid 5 and an 
overshoot if he touched Grid 7. 
Fifty-three percent of adjacent errors 
were undershoots and 47% were over- 


P. M. A. RABBITT 


shoots. These values were not sig- 
nificantly different when compared 
over all Ss. However, 11 Ss made 
significantly more undershoots than 
overshoots and 6 Ss made significantly. 
more overshoots than undershoots 
(p < .01 by ¢ test in each individual 
case). Thus undershooting or over- 
shooting may represent a consistent 
idiosyncracy in the performance of 
particular Ss. Mean latencies for all 
classes of errors are given in Table 1. 
Mean latencies for undershoots are 
slightly, but consistently, shorter than 
for overshoots,, (t = 2.99, p < 01). 
This is natural, since overshoots must 
involve slightly longer reaches. 

Nonadjacent errors.—Three differ- ` 
ent contexts for nonadjacent errors 
were distinguished. 

Type i: Cases when Ss committed 
errors by making a correct response 
and then again touching the same key. 
The second of a pair of such responses 
was always recorded as an error, since 
sequences were so programed that 
no signal recurred twice in succession. 

Type ii: Cases where Ss committed 
errors by making a correct respols 
on a grid and then touching a gn 
adjacent to it. 

Type iii: All nonadjacent errors 
which could not be classified in Type? 
or Type ii were placed in this category: 
As can be seen from Table 1, so few 
errors of this type occurred that no 
statistical comparison could be made. 

All classes of errors were kept 
mutually exclusive, so that no re 
sponse was included in two different 
categories. ja 

The mean latencies of Type i and 
Type ii errors are given in Table 1: 
These responses were very fast indeed 
Type i errors ranging from 20 to 200 
msec. and Type ii errors from 20 to 
300 msec. Both Type i and Type” 
errors are faster than correct responses 
(L— 3.42, p < .01) and Type i ert 
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INCIDENCE OF ERROR TYPES AND LATENCIES OF RESPONSES PRECEDING ERRORS, 
OF ERROR-CORRECTING RESPONSES, AND OF RESPONSES 
FOLLOWING ERROR CORRECTION 


Incidence of 
Type at bes ges ES of Re ponses 
5 ollowing Error 
Type of Error VE Rate | Rate Error- | ^ Correction 
n Set | Error | Response 
o. 
ELL |Error—3|Error-2|Error—1 EOR IRORI CR. 
Nonadjacent Errors 
Type i 173 | 35.0 581 | 574 | 176 465 608 | 582 | 582 
Type ii. 49 | 10.0 581 | 580 | 264 450 615 | 591 | 585 
Type iii 6| 12 583 | 577 | 389 431 649 | 593 |.590 
Adjacent Errors 
Overshoots 125 | 25.8 589 | 579 | 560 360. 654 | 608 | 583 
Undershoots 141 | 28.5 579 | 580 | 514 400 662 | 595 | 585 
Overall Mean Rate 583 | 578 | 381 418 638 | 594 | 585 


are faster than Type ii errors (t = 3.28, 
p <.01). 

Type ii errors were also fast re- 
sponses. Some errors of this kind 
were observed to occur when Ss made 
fast responses which Janded on the 
correct grid and then overshot onto 
an adjacent grid. The data do not 
allow such cases to be confidently 
ditcriminated from other types of 
etror—e.g., cases where Ss held their 
fingers loosely and inadvertently 


_ touched a wrong grid, or when a move- 


ment between grids was made with a 
very flat trajectory so that intervening 
grids might be accidentally grazed. 
Responses preceding errors.—The 
three responses preceding each error 
were examined and, if correct, were 
included in the computation of the 
means for Error—1, Error—2, and 
Error—3 presented in Table 1. These 
responses have been classified in terms 
of the types of error which they 
preceded. Analysis of variance con- 
firms that latencies of these responses 
are not significantly different from 
each other, or from the mean la- 
tency for all other correct responses 


(D > .25). 


Error-correcting | responses.—Error- 
correcting responses were also classi- 
fied according to the type of error 
they followed. Mean latencies for all 
such classes are given in Table 1. 
Analysis of variance showed no sig- 
nificant differences in the latencies of 
error-correcting responses following 
different types of nonadjacent errors 
(p > .25) or between the latencies 
of error-correcting responses follow- 
ing adjacent and nonadjacent errors 
(p > .10). It is clear that the la- 
tencies of error-correcting responses 
following all classes of errors are faster 
than the mean latency for all correct 
responses (p < .01). Though non- 
adjacent errors of Types i and ii are 
significantly faster than the correcting 
responses which follow them (/— 3.39, 
p<.01), error-correcting responses fol- 
lowing adjacent errors are faster than 
the errors they correct (t = 3.17, 
p < 01). 

Responses following error correction. 
—The mean latencies for the first 
three correct responses following each 
error-correction response are given in 
Table 1. These will be referred to as 
ECR + 1, ECR + 2, and ECR + 3. 
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The mean latency for ECR + 1 was 
significantly greater than for ECR + 2 
(t = 2.98, p < .01) and for all other re- 
sponses examined (¢ = 2.87, p < .01). 
The mean latency for ECR + 2 was 
also (just) significantly longer than 
the mean latency for correct responses 
(t =2.11, p < .05). The mean la- 
tency for ECR + 3 was not signifi- 
cantly different from the mean latency 
for other correct responses. 

The mean latencies obtained for 
ECR + 1 did not vary significantly 
with the type, or latency, of the errors 
which they followed. There was also 
no significant correlation between the 
latency of ECR + 1 and the latencies 
of the immediately preceding error- 
correcting responses. There was 
no indication that the latencies of 
ECR +2 or ECR + 3 varied with 
the latencies of the preceding errors 
or error-correcting responses. How- 
ever, there was a strong positive corre- 
lation between latencies for ECR + 1 
and ECR + 2 (p < .01). 

Correct responses.—The class of cor- 
rect responses included all correct 
responses which were not responses 
preceding errors, error-correcting re- 
sponses, or one of three responses fol- 
lowing an error-correcting response. 
In order to make a valid comparison 
between the latencies of correct re- 
sponses and of adjacent errors, correct 
responses were further subdivided 
into the classes of adjacent correct 
responses and nonadjacent correct re- 
sponses. When an S made a correct 
response followed by another correct 
response on an adjacent grid, the 
second response of the pair was 
classed as an adjacent-correct re- 
sponse. Other correct responses 
formed the set of nonadjacent correct 
responses. Mean latencies for ad- 
jacent responses were significantly 
shorter than mean latencies for non- 
adjacent correct responses (f = 3.40, 
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p «.01) This is to be expected, 
since adjacent correct responses re- 
quired the shortest possible reach 
between contact grids. Adjacent cor- 
rect responses thus provide an appro- 
priate control against which responses 
correcting adjacent errors may be 
compared. On comparison, latencies 
of responses correcting adjacent errors 
were found to be significantly shorter 
than latencies of adjacent correct 
responses (t = 3.01, p < .01). 


DISCUSSION 


The main features of these results are 
consistent in both studies. Errors have 
shorter latencies than correct responses; 
error-correcting responses are faster than 
other correct responses; the first response 
following error correction is slower than 
other correct responses. It seems that 
errors may be distinguished by the con- 
text in which they occur, and that there 
are systematic differences in the latencies 
of these various types of errors. 

Type i nonadjacent errors (a correct 
response on a contact grid immediately 
followed by a second, wrong response on 
the same grid) may occur in at least two 
different ways: it is probable that the 
fastest responses in this class (20-100 
msec.) represent cases in which an S's 
finger bounced upon a contact grid when 
a response was made with some force. 
In this case the second “response” of the 
pair might not be noticed by 5, but 
would be recorded as an error with à 
very short latency. The fact that such 
errors were followed by short-latency 
error-correcting responses may be €X 
plained as an artifact due to the sequence 
in which events were timed. Thus while 
an S's finger bounced on a key, recording 
an error which he was unaware of ma 
ing, he might already be engaged n 
preparing a response to the next sign 
in the sequence. His correct response to 
this subsequent signal would appear 9? 
the record as an error-correcting Te 
sponse, and would be timed from the 
inadvertent contact recorded as an error 
The latency of the error would thus be 
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subtracted from the latency of the sub- 
sequent error-correcting response, which 
would be recorded as having an arti- 
ficially short latency. Consequently, 
discussions of error correction cannot be 
based on responses of this kind. 

A more interesting case of a Type i 
nonadjacent error occurred when Ss 
admitted deliberately touching the same 
grid twice in succession because they felt 
that contact had not been properly made. 
In fact apparatus faults of this kind were 
never observed. The only consistent 
cue indicating that a correct response 
had been made was a change in the signal 
lights on the console, which very reliably 
followed even extremely light touches on 
a correct contact grid. It therefore seems 
that Ss sometimes failed to use this ob- 
vious and reliable cue, and were misled by 
kinesthetic feedback or by some attempt 
to use faint (and ambiguous) noises from 
the programing and recording apparatus 
as auditory feedback. The suggestion 
that Ss may commit errors of this type 
by attempting to use unreliable sources 
of feedback is disturbing for ergonomists 
and requires further investigation, but 
cannot be expanded from the present 
data. 

Nonadjacent errors of Type ii (on keys 
adjacent to the last grid touched) are 
also certainly subject to artifacts. For 
example, a fast response might strike the 
correct contact grid and then slide off 
to register a short latency error on an 
adjacent contact grid; contact might be 
inadvertently made on a grid adjacent 
to a correct grid if the fingers were 
loosely held, etc. The appearance of 
error-correcting responses with latencies 
of 20 msec. or less following such errors 
suggests that such artifacts did, indeed, 
occur. 

Nonadjacent errors of Type iii (i.e., 
all incorrect responses not classifiable 
as Types i and ii or as adjacent errors) 
Were so rare as to make statistical com- 
parisons meaningless. 

In brief, very limited conclusions may 
be drawn from an examination of non- 
adjacent errors, and of the responses fol- 
lowing them, though the relatively short 
latencies of error-correcting responses, 


and of all errors, cannot be simply dis- 
missed as artifacts due to the order in 
which events were timed and recorded. 

The incidence of adjacent errors has 
been shown to be directly related to the 
amplitudes of reaches made by Ss be- 
tween grids. It is therefore probable 
that such errors occur because Ss miss 
the grids at which their responses are 
aimed. Although artifacts of the type 
described might occur with undershoots, 
it is not apparent how a timing artifact 
of any kind could occur from an “over- 
shoot" since an S would have to reverse 
the direction in which his hand was 
traveling in order to make a correcting 
response, and so presumably could not 
correct an error unless he knew that he 
had made one. This provides a test of 
the data, since if artifacts seriously dis- 
tort the results, error-correcting re- 
sponses following undershoots should be 
significantly faster than error-correcting 
responses following overshoots. In fact 
the reverse was the case (t 3.00, 
P < .01, cf. also Table 1) so that the 
short latencies of responses correcting 
adjacent errors cannot be attributed to 
artifacts in the way responses were timed 
and recorded. 

The latencies of error-correcting re- 
sponses were shorter than the latencies 
of correct responses. Two factors seem 
involved: (a) Errors—particularly ad- 
jacent errors—may represent approxima- 
tions to a correct response. Thus when 
an S has made an error he may know 
that the correct grid is near the grid 
which he has touched, and may even be 
aware of the direction in which a correc- 
tion movement should be made. (b) A 
limiting case of this situation might occur 
if S realized that he was about to commit 
an error before completing a movement 
terminating on the wrong contact grid. 
Craik (1947) has demonstrated that 
there is a stage when an initiated response 
can no longer be stopped or modified, and 
must be completed as a ballistic move- 
ment. Although an S might realize that 
he was about to commit an error he might 
also be unable to stop himself from doing 
so. His most efficient course would then 
be to begin to program a corrective 
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response before a movement terminating 
in an error was completed. Error-cor- 
recting responses would thus be shorter 
than other correct responses by an 
amount equal to the overlap in time 
between a wrong response and the 
programing of its successor. 

The first response following error 
correction (ECR + 1) is significantly 
slower than other correct responses. 
There is also some suggestion from Exp. 
II that the second response following 
error correction may also be slowed 
(p «.05). Two possible explanations 
occur: (a) The S realizes that he has 
made an error, and slows his speed of 
responding; perhaps as a precaution, or 
to reflect on his mistake. (b) The com- 
mission and correction of an error inter- 
rupt a rhythm of responding adopted 
by S, and result in slow performance 
until a new rhythm can be established. 

There was no overall correlation be- 
tween latencies for ECR +1 and the 
latencies of the errors and error-correct- 
ing responses immediately preceding 
them. However, when ECR + 1 follow- 
ing all errors with latencies shorter than 
200 msec. were separated out, their mean 
latencies did not differ from latencies of 
correct responses. Very short latency 
"errors" have been assumed to be arti- 
facts, often unnoticed by Ss. The data 
thus support the common-sense proposi- 
tion that inadvertent contacts which S 
probably does not notice do not affect 
his subsequent performance. There is 
otherwise no suggestion that the latencies 
of responses following error correction 
are related to the latencies of the preced- 
ing errors. A significant positive correla- 
tion between the latencies of ECR + 1 
and ECR + 2 (p < .01) suggests that 
the greater the disruption in performance 
caused by an error, the larger the num- 
ber of subsequent responses which are 
affected. 

To summarize, the finding that errors 
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are faster than correct responses is con- 
sistent with any hypothesis which implies 
that they occur when an S attempts to 
respond faster than some limitation to 
his capacity allows. ‘This explanation 
would have gained strength if errors 
terminated runs of relatively fast re- 
sponses, but in fact the latencies of 
responses immediately preceding errors 
were not different from the mean latency 
obtained for all correct responses. 

The short latencies of error-correcting 
responses and the long latencies of re- 
sponses following error correction seem 
to represent real effects rather than 
timing artifacts, at least in the case of 
adjacent errors. The present data do 
not allow a choice between possible ex- 
planations but have some practical im- 
portance for the design of systems in 
which Ss are required to correct the 
errors which they make. The author 
hopes that the presentation of these 
results will draw attention to a problem 
of theoretical interest for models of 
processes by which information is trans- 
mitted and responses are monitored. 
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DIMENSIONALITY IN HUMAN INFORMATION STORAGE ! 
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An investigation was carried out to determine if error factors resulted 
from performance of an information processing task involving visual 
memory. It was found that reading 1 line from memory of a rec- 
tangular matrix of letters, after a short delay following their tachisto- 
scopic exposure, did result in positional errors perpendicular to, parallel 
to, and diagonal to the direction of scan when S was reading leftwards 
or rightwards across a row or upwards or downwards in a column. 
Evidences for error factors of form and sound were also found. Further 
investigations showed that the error pattern changed when the matrices 
were distorted by offsetting alternate rows or columns of the matrix. 
The results were interpreted as evidence of information being stored in 


independent dimensions. 


Sperling (1960) has described a 
technique for measuring a short-term 
memory mechanism. It consists of 
partial sampling of S’s memory of a 
tachistoscopically presented array of 
letters. In an analysis of the errors 
produced by his task, Sperling only 
reports evidence of errors which he 
classes as misreading errors (e.g., 
confusions between E and F, B and R) 
and mishearing errors (e.g., confusions 
between B and D, D and T). It was 
while using Sperling's paradigm in a 
pilot study that an unusual error 
response was noticed by the author. 
It was that of making vertical trans- 
positions (ie., substituting for the 
correct letter, a letter which appeared 
vertical to the correct letter position 
in the array) even though the array 
was being read horizontally. The ex- 
periments that follow were conducted 
to verify the existence of the error 

1 The study reported here was submitted 
as a dissertation to the faculty of the Depart- 
ment of Psychology of the Ohio State Uni- 
versity in partial fulfillment of the require- 
ments for the PhD degree. The author 
wishes to express his thanks to G. E. Briggs 
who served as chairman, and to W. C. Howell, 
R. J. Wherry, and J. C. Naylor who served 


as members of his committee. E 
? Now at the Human Sciences Section of 


Cornell Aeronautical Laboratory. 


factor described above, and determine 
what other error factors might exist 
in a short-term memory task. 


PHASE I EXPERIMENTS 


Method 


The Ss were five male volunteer under- 
graduate university students who were paid 
for their services. 

The apparatus consisted of a projector 
viewer and a programmer. The projector 
viewer was a wooden stand 5 ft. long with a 
Dunning Animatic 16-mm. filmstrip projector 
mounted on a box at one end of the stand and 
a face mask and ground-glass screen assembly 
mounted on the other. The eye to screen 
distance was 16 in. ; the lens to screen distance 
was 42.5 in. The apparatus was housed in a 
darkened room lit only by the indirect light 
of the projector bulb. Between presenta- 
tions, the screen had a brightness of less than 
1footlambert (ftl.). During the presentations 
the screen had a brightness of 450 ftl. in the 
ground, and 100 ftl. in the locus of the letters 
constituting the array. Sitting in front of the 
projector and in the path of the projection 
beam was a Wollensak Alphax shutter which 
was operated by an electrical impulse to a 
rotary solenoid to which the shutter arm was 
attached. When operated, the shutter 
allowed the projector’s beam to strike the 
screen for 40 msec. 

The programmer consisted of a series of 
Tektronix signal and pulse generators so 
wired as to present to S two frames of a strip- 
film, each exposed for 40 msec. with a 360- 
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msec. delay between them. These two ex- 
posures constituted a trial. 

The six vowels A, E, I, O, U, and Y were 
eliminated from the alphabet used to form the 
arrays to keep the effects of meaningfulness 
as low as possible. The letters D, G, M, and 
P also were eliminated because they are con- 
fused with other letters (Howell & Kraft, 
1959) and to bring down the total alphabet 
used to contain 16 letters. The arrays, 
consisting of four rows and four columns, were 
generated by a random process without re- 
placement with each letter appearing once 
in each array in a random position. One 
hundred such arrays were generated and 
numbered. Each film used a random series 
of these arrays. The arrays were either 
grouped so that the letters appeared to be 
arranged in rows (row films) or columns 
(column films). The rows or columns which 
Ss were to recall were also random. The 
only restriction on their assignment to the 
arrays being that when an array had already 
been used, the use of the same row or column 
previously requested was avoided where 
possible. The films were made in frame pairs, 
each pair being made up of an array frame 
and a frame with a dash to the left (for rows) 
or above (for columns) one of the rows or 
columns. 

As projected on the screen, rows were 3} 
in. wide X 44$ in. high. Each letter was 
# in. high and centered in an H in. wide 
position. From the center of one letter to 
the center of the horizontally adjacent letter 
was 1$ in.; of the vertically adjacent was 
1$ in. The total array subtended visual 
angles of 8°33’ and 5°25’ in the vertical and 
horizontal dimensions, respectively. 

The columns arrays were arranged to 
appear to have the same spacing as the rows 
but with the horizontal and vertical dimen- 
sions interchanged. This resulted in center 
to center distances of 11 in. horizontally and 
ijr in. vertically and a total array size of 
4i in. wide X 3j in. high. The total array 
subtended visual angles of 7°47’ and 6°54’ in 
the vertical and horizontal dimensions, re- 
spectively. Column and row arrays sub- 
tended equivalent solid angles. Eight film- 
strips were used: one general training, one 
training and two test rows films, one training 
and two test columns films, and one random 
film which used row-grouped arrays with the 
dashes of the alternate frames occurring ran- 
domly above, below, or to the right or left of 
one of the rows or columns. The general 
training film contained 100 trials, the rows 
and columns training had 77 and 50 trials, 
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respectively, the test films had 52 trials, and. 
the random film had 78 trials. 

The purpose of the first phase was to 
determine whether the error factor which, 
seemed to occur in a pilot study was a 
reproducible phenomenon, and under what 


conditions it might be found. Since the effect 
was a directional one, i.e., it occurred when an 
S "borrowed" a letter from a vertical direc- 
tion, the second experiment was conducted 
to determine whether such borrowing was 
limited to this dimension, by having Ss read. 
arrays organized in columns and recall one 
of the columns. All Ss had general training 
on one row film, then half of the Ss continued 
with the column films and half with the rows 
films. All Ss viewed the random film last. 

The Ss pushed a toggle switch to start a 
trial. After observing the two frames, they 
said aloud the letters called for by the 
direction dash, and E recorded them. If S. 
responded with a letter which was not used 
in the arrays, or responded using a letter 
more than once, he was told of his error but 
not allowed to correct it. 


Results 


Learning of the task occurred some- 
what rapidly, performance on Trials 
51-100 on the general training film 
not being unlike any subsequent per- 
formance. Only one S (ZAV) im- 
proved beyond this point. This S 
had a learning curve which appeared 
to asymptote on about the sixth day 
around a 90% level of correct respond- 
ing. Although there is a difference 
between the various S's performance 
levels, each S maintained his level 
from session to session, x,? (4) = 14.6, 
b < .006). à 

The remaining data gave no evi- 
dence of being affected by the order in 
which the films were viewed, so these 
factors were discarded from further 
consideration. 

Positional error analysis.—The ver- 
tical transposition error becomes à 
horizontal transposition error when 
the array is read in columns. There- 
lore, they will hereafter be referred 
to as perpendicular errors because in 
both cases they refer to errors made 
perpendicular to the line of scan. 
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Similarly a horizontal error becomes 
a parallel error. 

The a priori probability of a 
perpendicular error is .20 since there 
are 3 ways in which errors were scored 
as such and 15 ways an error might 
be made. Since little learning oc- 
curred after the first film, the other 
training films are included in the 
analysis. 

The errors occurred with different 
frequencies within each array position. 
This is consistent with the findings of 
Averbach (1960). Because of the 
variation in errors, ensuing analyses 
are based on results by array position 
where necessary. 

Out of the 4578 responses given by 
Ss, only 9 were errors in which a letter 
other than the 16 employed was used. 
Table 1 summarizes the results of 
Phase I. 

The differences in accuracy of 
performance (percentage of error re- 
sponses) between films was not signifi- 
cant, x? = 3.96, p < .25. The pro- 
duction of vertical transposition errors 
was consistently higher than expected 
by a random responding model and 
is highly significant statistically, 
x? (1) = 200+, p < .001. An in- 
teresting finding called attention to 
the most significant aspect of perpen- 
dicular error production. One S 
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(ZAV), who was able to perform the 
task exceptionally well, made only 33 
errors on the second row test film, and 
26 of them were perpendicular errors. 
Inspection of the data revealed that 
there was a consistent tendency for 
the more accurate Ss (those who 
made fewer errors) to make propor- 
tionately more perpendicular errors 
than did the less accurate Ss. The 
correlation between accuracy and 
proportional perpendicular error pro- 
duction, calculated on five Ss and the 
four tests, was rho = .606, p = .01. 
There were other indications of this 
relationship throughout the data. 
Fewer errors were made on those 
letters appearing in the first column, 
and the perpendicular errors were 
proportionately higher in this column. 
"ROL the perpendicular errors, the 
ones made by “transposing” letters 
one row away were obviously signifi- 
cantly high. Those borrowed from 
two rows away missed the statistical 
level of acceptance x? (1) = 3.4, 
p < .07, but came sufficiently close to 
warrant closer inspection. Actually 
the statistical model which was used 
to test all error factors was a weak 
one inasmuch as it assumed no other 
significant error factors. When ana- 
lyzed by position it was clear that 
errors were produced in the first and 


TABLE 1 
PHASE I Error SUMMARY 


Percentage of 
Perpendicular Errors 


(a priori probability = 20%)| (a phot Erioa = = 18%) 


Sea 9t ed 


Percentage of 


Parallel Errors 

First | Second | Third First | Second | Third 

Test Test Test Test Test Test 
R Fili 28.5 | 32.9 | 36.9 | 17.3 | 16.8 11.3.)|120,54,28:221 23.00 
Colimus "Films 249 | 32.8 | 27.5 17.4 | 17.8 17.0: 118.8 2252 pales 0. 
Random Film 33.1 16.5 17.4 16.0 22.0 0 
No. of Errors in Trial 4 3 2 1 
20.2 116 78 0 


A Priority Probability 


Note,—All table entries, expressed in percentages and based on over 500 errors each, reflect statistically 


significant departures from a random responding model. 
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fourth rows much greater in number 
than predicted by chance, and those 
in the second and third rows much 
lower than by chance. To measure 
both of these suppression and en- 
hancement effects at once, a predicted 
score for each position, based on the 
total number of two-space perpendicu- 
lar errors times the probability of an 
error in that position, was considered 
a zero point with the algebraic differ- 
ence between this score and the ob- 
tained score serving to rank the posi- 
tions. These ranks were correlated 
with accuracy ranks for these posi- 
tions (rho = —.646, p « .01), indicat- 
ing that these errors tend to occur in 
those positions in which inaccuracy is 
the greatest. A similar relationship 
existed with parallel errors two col- 
umns away from the correct position. 
The a priori probability of this type 
of error is .0667. On those trials in 
which four errors occurred, 6.24% of 
the trials were parallel errors two col- 
umns removed, which closely matches 
the a priori probability of these errors. 
But as the errors get fewer for each 
trial (i.e., on the more accurate re- 
sponses), the proportion of parallel 
errors, which were two columns re- 
moved, goes down: 4.33% on trials 
where three errors occur and 3.68% 
on trials where two errors occur. 
This pattern was consistent through- 
out the four tests. Thus it can be 
seen that errors in both dimensions are 
correlated positively with accuracy if 
they are one row or column removed 
and negatively if they are two 
columns or rows removed. Since a 
large number of errors were on trials 
in which only one perpendicular error 
was made, these error patterns cannot 
be ascribed to reading the wrong row. 

Analysis of parallel errors was per- 
formed in a slightly different manner. 
Letters occurred only once in each 
array. One of the rules of responding 
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made implicit by this arrangement 
and made explicit by E during train- 
ing was that letters could not be re- 
peated within a response. Therefore 
if SS made a correct response, that 
letter could not be used again in the 
response, thus reducing the proba- 
bility of the occurrence of a parallel 
error. If three letters were given 
correctly, the fourth, if in error, could 
not be a parallel error by the rules of 
the procedure. To get around this 
constraint, the data were analyzed by 
each trial as to the number of errors 
within that trial. The deviations 
from a priori probabilities are highly 
significant, x? (2) = 226.15, p < .001. 
It can be noted that, on the trials 
where four errors per trial are made, 
parallel errors match their a priori 
values; where three errors per trial 
are made the mismatch is 11.6%; 
where two errors per trial are made 
the mismatch is 15.2%. This indi- 
cates the same relationship that was 
found with perpendicular errors: The 
more accurately the S is perform- 
ing, the higher the parallel error 
production. 

The next errors considered were 
those one row and one column re- 
moved from the correct position (one- 
space diagonals). The a priori proba- 
bility of these errors is .15. These 
errors also occurred with greater 
frequency than expected by random 
responding, x? (1) = 4.4, p < .04, and 
were also correlated negatively wi 
accuracy, rho (15) = — .609, p < .01. 
No other position errors had apparent 
significance. All other errors as à 
group had no significant correlation 
with accuracy. The perpendicular, 
parallel, and one-space diagonal errors 
constituted over 67% of all errors. 

The three tests in which the arrays 
were arranged and read in columns 
and the single test in which the rows 
and columns were randomly read gave 
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results similar to those of the four 
rows films. 

Nonpositional error analysis.—To 
determine whether any error factors 
could be attributed to misseeing or 
mishearing as reported by Sperling, 
the responses of two columns films and 
two rows films were arranged in a 
matrix so that the frequencies each 
letter was substituted for another con- 
stituted the cells. Grant, Hake, and 
Hornseth (1951) have shown that 
frequency of responding to categories 
will follow proportions of presenta- 
tions of those categories. Since the 
method of generating the stimuli 
resulted in different frequencies of 
presentation for each letter, the re- 
sponse frequencies were compared to 
the presentation frequencies. The 
comparison indicated that frequency 
of category of response was unrelated 
to the frequency of its presentations. 
From inspection it was also obviously 
not a rectangular distribution, so each 
letter category was analyzed for de- 
partures from the expected distribu- 
tion based on the popularity of the 
Seven of these categories 


responses. 
TABLE 2 
SIGNIFICANT RESPONSE CATEGORIES 
By LETTERS 
Letter Shown | Letter Reported| x? (df = 1) 
B R 20.96** 
K H 26.85** 
K x 4.55* 
Q C 16.46** 
Js 4.58* 
9 K 4.32* 
S B 11.02** 
S Q 5.23* 
V ape 8.62** 
V WwW 20.27** 
X J 3.92* 
X K 10.92** 
X Z 4.11* 
Z S 5.31* 
Z r 10.63** 


* Reported less than chance. 
*p «.05. 


wep < 01. 
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(B, K, Q, S, V, X, and Z) showed 
significant departures. Each category 
was then analyzed to determine which 
response classes caused the depar- 
tures, The significant categories are 
shown in Table 2. Of these, Qs re- 
ported as Js and Vs reported as Ts 
occurred less than expected by chance. 
The others occurred more frequently 
than expected by chance. The rela- 
tionship of the positional and non- 
positional error factors becomes more 
clear in the light of the schema de- 
veloped below. 


Discussion 


It is quite evident from the positional 
error analysis in the previous section 
that, contrary to Sperling’s conclusion, 
the error pattern in this recall task is 
quite systematic. Also it is evident that 
the systematicity is unrelated to the 
direction of scan and that it is not the 
result of a “set” or transformation 
placed on the information content of the 
array before it is placed in storage, since 
it occurs when the direction of scan is 
not preknown. 

Sperling (1960) has demonstrated that 
information is lost from storage in this 
task. It is believed that the above experi- 
ments demonstrate that not all the 
information is lost when some errors 
are made since there are systematic 
error patterns. The nature of the loss 
can be deduced from the types of errors 
made. Thus, in a rows array, a per- 
pendicular error results when some row 
information is lost while column infor- 
mation is retained; a parallel error results 
when some column information is lost 
but row information is retained; and a 
diagonal error results when some row 
and column information has been lost 
and some retained. According to this 
model information is stored in somewhat 
independent dimensions and amounts. 
Since the nervous system seems to be 
constructed to handle information in 
modalities and submodalities, and a 
number of studies have shown that 
information is processed by humans in 
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this manner (Ericksen & Hake, 1955; 
Garner, 1962) this is not an unattractive 
tack to take in modeling the experi- 
mental results. 

If information is lost in amounts, there 
must be a point at which enough infor- 
mation is lost to cause an error. There 
must also be a point at which the loss 
of further information causes errors on 
two dimensions. It should be expected, 
then, that an S operating near the point 
where errors are just starting to be made 
should make more errors of the one 
dimensional-one space type than an S 
whose performance is less accurate. 
Similarly, a less accurate S should be 
closer to the point where two dimensional 
errors are made. These correlations were 
found to obtain. 

To test further that the effect is really 
dimensional and not just a proximity 
effect, a metric of the power of a dimen- 
sion to elicit an error along that dimen- 
sion was compared with the linear sepa- 
ration of the array elements. In order to 
understand this analysis it is necessary 
for the reader to keep in mind that the 
metric consisted of the ratio of the ob- 
tained errors to those predicted by a 
random responding model. The compari- 
son can be seen in Table 3. 

From this table it is evident that the 
variation in types of errors cannot be 
attributed to proximity. In the rows 
arrays one-space perpendicular errors 
have a higher factor power than one- 
space parallels although they are based 
on elements with almost twice the sepa- 
ration of those giving rise to parallel 
errors. Theone-space perpendicular errors 
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have twice the factor power of one-space 
diagonals although their linear separa- 
tion is similar. Similar relationships can 
be seen in the comparisons with the 
column arrays. The low factor power 
associated in both cases with one-space 
diagonal errors gives credence to the 
postulation that it results from a two 
dimensional loss. 

Of the 13 significant letter response 
categories which occurred greater than 
expected by chance, only two of these 
(Ks reported as Xs and Xs as Ks) were 
confused as each other, and it is assumed 
that it occurred with these categories 
because of their similar form. Of the 
remaining 11 categories, four others were 
probably made because of similar shape 
(Bs reported as Rs, Ks as Hs, Qs as Cs, 
and Vs as Ws), and three could have 
resulted from similar sound (Qs as Ks, 
Xs as Zs, and Zs as Ss). The suppression 
of J responses for Q presentations and T 
responses for V presentations could also 
be attributed to form memory where 
the suppressions were the result of grossly 
dissimilar shapes. The author is tem- 
porarily at a loss to explain the other 
four categories. The point is, the analysis 
Presented above gives support to the 
general thesis that when the position- 
dimensions information is retained but 
some form information is lost, a form 
error occurs and a letter which looks like 
the one which occupied that position 
in the array is substituted for it. Simi- 
larly when position-dimensions informa- 
tion is retained but some sound informa- 
tion is lost, a letter which sounds like 
the letter in the correct position is sub- 
stituted for it. 


TABLE 3 
Comparison or Error Factor Power WITH Proximity To Correct POSITION 


Arrays Arranged in Rows 


Arrays Arranged in Columns 


Power of Factor | Linear Separation | Power of Factor | Linear Separation. 
One-Space Perpendicular! 2.21 22/16 in. 1.87 20/16 in. 
One-Space Parallel 2.12 13/16 in. 2.19 17/16 in. 
One-Space Diagonal 1.10 26/16 in. 1.19 26/16 in. 


Note.—all error factors tabled are statistically significant. 


DIMENSIONALITY IN INFORMATION STORAGE 


PHASE I] EXPERIMENTS 

Having derived a model which 
gives a fairly good fit to the obtained 
data, the task remained to test the 
model. This was the purpose of 
Phase II. Essentially the model 
consisted of the postulation of posi- 
tional and nonpositional error factors. 
The positional error factors were used 
to test the model because those 
physical characteristics of the array 
which were believed to have caused 
them could be manipulated with more 
facility than those which might have 
caused the nonpositional error factors. 

Since the vertical and horizontal 
dimensions are linear, the dimensions 
can be distorted by misaligning the 
elements of the dimension. This was 
accomplished by offsetting alternate 
rows to distort the vertical dimension 
while leaving the horizontal dimension 
intact and by offsetting alternate col- 
umns to distort the horizontal dimen- 
sion while leaving the vertical intact. 
With S scanning the array horizon- 
tally the model would predict that 
(a) both row and column distortions 
should cause an increase in error 
production, (b) row offsetting should 
cause perpendicular error production 
to decrease, and (c) column offsetting 
should cause parallel error production 
to decrease. Although the model as 
formulated does not necessarily pre- 
dict what will happen to parallel 
error production with offset rows nor 
perpendicular error production with 
offset columns, either of two outcomes 
would be considered as supporting the 
model: the maintenance of the same 
level or an increase in rate. Main- 
tenance of the same level of error 
production could be interpreted as re- 
sulting from not having manipulated 
the physical feature which caused the 
factor. An increase in the rate of 
error production could be interpreted 
as a boost in the storage capacity in 
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one dimension which accompanies the 
suppression of the storage in another 
dimension, and thus it would be an 
expression of the concept of channel 
capacity. An excellent summary of 
many experiments which indicate that 
dimensionality leads to increased in- 
formation transmission at the cost of 
a decrease in transmission per dimen- 
sion can be found in Garner (1962). 
An increase in rate of parallel errors 
in the offset rows case or perpendicular 
errors in the offset columns case would 
give stronger support to the model as 
it would indicate that the dimensional 
storage effected a change in rate, 


Method 


The same five Ss whose data were used in 
the Phase I analysis served as Ss in the 
Phase II experiments. Also, the same ap- 
paratus which was used in Phase I was used 
in Phase II. 

The arrays used in Phase II were generated 
by the same rules as in Phase I. Three 
different types of arrays were used: (a) one 
in which the alignment was perfect in both 
the horizontal and vertical dimensions and 
the overall array was square, (b) one in which 
the first and third or second and fourth rows 
were offset, and (c) one in which the first 
and third or second and fourth columns were 
offset. Essentially the offsetting placed the 
letters in a checkerboard pattern. The solid 
angles subtended by the various arrays were 
equivalent to the solid angles employed in 
the Phase I studies. 

All Ss were first tested on a film which 
consisted of 80 trials of perfect alignment 
arrays. The first 20 trials were considered 
retraining trials, leaving 60 experimental 
trials, The second film consisted of 60 trials 
of offset rows and the third film consisted of 
60 trials of offset columns. Three Ss viewed 
offset rows before offset columns and two 
used the reverse procedure. The procedure 
was otherwise identical to that of Phase I. 


Results 


Table 4 summarizes the results of 
the analysis of total, one-space per- 
pendicular, one-space diagonal, two- 
space perpendicular errors, and par- 
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TABLE 4 


SUMMARY or PHASE II Error FACTORS 
(ENTRIES ARE PERCENTAGES, BASED 
ON 1902 Errors) 


Films 
Perfect Offset 
i Offset 
Align- Col- 
ment | Rows | umns 
Total Errors 48.7 49.5 60,38 
One-Space Perpendicular 
Errors 25.7 23.2 32.78 
One-Space Diagonal 
Errors 18.15 17,34 15.61 
Two-Space Perpendicular 
Errors 6.16 8.420 6.77 
Parallel Errors 
Four-Error Trials 17,7 13.2 15.5 
Three-Error Trials 19.6 23.5 184 
Two-Error Trials 13.0 16.1 13.1 
* Significant change from perfect alignment, 
allel errors which occurred during 


Phase II. The basis of the analysis 
was the comparison of the results of 
the two offset tests with those of the 
perfect alignment test. Offsetting the 
rows did not result in a significant 
difference from perfect alignment in 
total errors produced, but offsetting 
the columns did, x? (1) — 65.38, 
p «.001. The amount of change was 
related to the relative accuracy of SS, 
the more accurate Ss being more 
affected by the distortion. No differ- 
ences existed in parallel error produc- 
tion between the three films. 

Similarly, offsetting the rows did 
not affect one-space perpendicular 
error production, but offsetting the 
columns caused a marked rise, x? (1) 
= 18.76, P < .001. The experimental 
conditions had no effect on one-space 
diagonal errors. An interesting and 
unanticipated result was the rise of 
two-space perpendicular errors on the 
offset test, 2 (1) = 5.23, p< .03. 
There was no change in their produc- 
tion on Test 11. 


Discussion 


One of the dimensions which E was 
not able to control using this paradigm 
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was ordinality. This could have ob- 
viated significant changes in parallel 
and diagonal error production. Whenever 
an S lost column information, he still 
had the ordinality dimension information 
to help him locate a letter within a row, 
Since there were only four letters to each 
row, a letter was never more than one. 
letter away from the beginning or end of 
a row, This affords a simple perceptual 
classification in the ordinality domain. 
Similarly this would prevent the depres- 
sion of the one-space perpendicular 
error-production rate in the offset rows 
results. 

In spite of this lack of control there 
are other points of proof which can be 
seen in the following comparison of the 
model's predictions with the Phase II 
results: 


1, The predicted drop in accuracy 
which was to have occurred with both 
the offset rows and offset columns ar- 
rays occurred only with the offset 
columns. It is believed that the failure 
of the depression of accuracy in the 
offset rows case was due to the preserva- 
tion of column information by an or- 
dinality factor. 

2. The predicted increase in per- 
pendicular errors with no change in 
parallel errors did occur with the offset 
columns. 

3. The predicted maintenance of rate 
of parallel errors with offset rows oc- 
curred, but the decrease in rate with 
offset columns did not. The failure of 
rate change is believed due to the preser- 
vation of column information by an 
ordinality factor. 

4. Since diagonal errors are a two 
dimensional resultant, the failure of 
change in rate of production of these 
errors is consistent with the model inas- 
much as the increase in one dimension 
could be expected to somewhat offset à 
decrease in the other. 

5. The rise in production of two-space 
perpendicular errors with offset rows 
would also be predicted by the model 
as these are the only types of errors 
which preserve column information. 
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Thus the only deviations from the 
model's predictions can be accounted 
for by one additional dimension (caused 
by an uncontrolled ordinality factor), 
and it is believed that the Phase II 
results give strong support to the 
validity of the model. 

Conclusions.—That responding on this 
visual information storage task does 
entail error factors has been established 
in the analysis of over 7000 errors in 
various types of array configurations. 
The model presented relates these factors 
to the concept of dimensional storage. 
The Phase II test of this concept gave 
substantiating evidence for the validity 
of the model. The value in the model 
may liein tying together what has already 
been found to be true of the structure of 
the nervous system and of dimensional in- 
formation processing in psychophysical 
tasks. This would present the unifying 
model of information being received, 
stored and retrieved, or utilized in some- 
what independent dimensions. 
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EFFECTS OF INDEPENDENT AND DEPENDENT 


OUTCOME VALUES UPON BETS 


FRANCIS W. IRWIN anp JOAN GAY SNODGRASS ! 


University of Pennsylvania 


60 male and 60 female Ss bet whether or not they would draw a marked 
card from each of 35 packs of 10 marked and blank cards. There were 
1, 3, 5, 7, or 9 marked cards in each pack. Drawing a marked card had 
7 values—independent outcomes (lOs)—in the range +10¢ for one 
group and +50¢ for another; drawing a blank card had 0 IO. Ranges 
of permissible bets—dependent outcomes (DOs)—were +2 or +10¢ 
for the 1st group and +10 or +50¢ for the 2nd group. It was found 
that: (a) the relative frequencies of bets on marked cards were higher 
with positive than with negative IO in all subgroups; (b) this effect 
appeared to be relative to the range of 10; (c) it tended to be related 
to DO negatively at extreme probabilities and positively at .5; and 


(d) it did not show a reliable sex difference. 


The evidence was in- 


decisive as to whether the effect increased monotonically with IO. 


When a prediction or bet is made 
upon an uncertain event, it is possible 
to distinguish between the dependent 
outcome value (DO) of the event, 
which is contingent upon the correct- 
ness or incorrectness of the prediction 
or bet, and the independent outcome 
value (IO), which is associated with 
the event itself but not with the 
prediction or bet. If someone bets 
that it will rain tomorrow, he will win 
if it rains and lose if it does not; this 
win or loss is the DO. But regardless 
of his bet the occurrence of rain will 
also have positive, neutral, or negative 
IO for him according to whether he is 
a gardener, a tennis player, or the like, 

Effects of DO upon decisions are, 
of course, well documented, but a 
number of studies have shown effects 
of IO as well. Marks (1951), Irwin 
(1953), Crandall, Solomon, and Kel- 
laway (1955, 1958), Morlock and 
Hertz (1964), and Pruitt and Hoge 
(1965)? have found that, with objec- 

1 This investigation was s i 
by Grant MH-06580 e en 
Institute of Mental Health to the University 
of Pennsylvania. 


2The present research was completed 
before we learned of this work. We are 


tive probability constant, the relative 
frequencies of predictions and bets 
upon events are positively related to 
IO. This phenomenon, which will be 
referred to as the “Marks effect," has 
been of interest to decision theory 
(Edwards, 1955, 1961, 1962), per- 
sonality theory (Rotter, 1954), and 
(in a somewhat different form) social 
psychology (McGuire, 1960) in view 
of the possibility that it represents an 
interaction between the value of an 
event and the corresponding €x- 
pectancy or subjective probability. 
Although the existence of the Marks 
effect is well established, previous 
studies have provided little informa- 
tion about its functional relation to 
IO. In the one exception, Pruitt and 
Hoge (1965) presented curves for four 
measures of "subjective probability 
asa function of five values of IO. The 
obtained relations were positive in all 
four cases—significantly so in three— 
but the curves did not clearly suggest 
the form of the relationship. The 
present experiment explored the rela- 
tion of the Marks effect to two sets of 
peace cian ee cee UO CWO 9 


indebted to D. G. Pruitt and R. D. Hoge for 
a prepublication copy of their work. 
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seven IOs, each of which was asso- 
ciated with two ranges of permissible 
bets (DOs) and five objective event 
probabilities. To investigate possible 
sex differences in the effect, both male 
and female Ss were used. 


METHOD 


Subjects—Sixty male and 60 female 
students at the University of Pennsylvania 
served as Ss. They were recruited with the 
promise of $1.00 for their services. 

Apparatus.—Packs of 10 cards similar to 
playing cards but with faces either blank or 
marked with a large bold-face X were used. 
Each pack contained one, three, five, seven, 
or nine marked cards, and there were seven 
packs of each kind. The packs were set one 
behind another ina card holder, together with 
dummy packs that prevented S from fore- 
seeing the end of the series of 35 trials. 

Procedure.—The Ss were seen individually. 
They were told that they were to play a 
“decision-making game” with packs of cards 
of which samples were shown. After in- 
structions concerning the procedure and 
payoffs, they were given $1.00, were told 
that wins and losses would be added to or 
subtracted from this, and were encouraged 
to try to win as much money as possible. 

Each trial proceeded as follows. A pack 
was shown to S and he was told the number 
of marked and blank cards in it and the 
value (IO) of drawing a marked card from it. 
The pack was shuffled and S bet within a 
prescribed range (DO) whether he would 
draw a marked card or a blank. He then 
drew a card and, without his seeing the face, 
it was placed by E at the top of its pack and 
the pack was returned to the card holder. 
Feedback concerning the cards drawn and 
the wins and losses on IO and DO was given 
only at the end of the session. 

Eight experimental groups were formed by 
assigning 15 men and 15 women to the four 
combinations of a larger and a smaller IO 
range with a larger and a smaller DO range. 
In the larger IO range, the value of drawing 
a marked card was varied from pack to pack 
over the values —50, —25, —10, 0, 10, 25, and 
504; in the smaller IO range the values were 
—10, —5, —2, 0, 2, 5, and 10¢. The IO of 
blanks was always 0. It was thought that 
the effects of varying the DO range might 
be relative to the IO range; therefore, 
taking bets on marked cards as positive and 
on blank cards as negative, betting ranges 
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(DOs) of +10 and +50¢ were employed with 
the larger IO range and betting ranges of +2 
and +10¢ with the smaller IO range. The 
Ss were informed that they would win the 
amount of their bet if it was correct and lose 
this same amount if it was incorrect. Bets 
of 0 were not permitted. Permissible units 
of betting were 2, 1, and 5¢ in the case of the 
betting ranges +2, +10, and +50¢, re- 
spectively. For each S, 35 packs were used 
for the combinations of five probabilities with 
the seven values of his IO range. The packs 
were presented in random orders, different 
for each S, subject to the restrictions that the 
same IO not appear twice in succession and 
that the same probability not appear three 
times in succession. Payoffs were made as 
promised, except that no S was permitted to 
leave with less than the dollar he had been 
given at the start. 


RESULTS 


More than half (56%) of the bets 
were found to be at the extremes of 
the betting ranges, an additional 18% 
fell at the intermediate values +1, 
+5, and +25 in the ranges +2, +10, 
and 4-50, respectively, and only 5% 
of the bets took the minimum per- 
mitted values +4, +1, and +5 on 
the three scales. In view of this 
distribution, only the signs of the bets 
were retained, and the results are 
presented in terms of the frequencies 
of positive bets, i.e., bets on marked 
cards. 

Effect of IO.—The percentages of 
bets on marked cards are given in 
Fig. 1 and 2 as functions of the two 
sets of IOs, with probability of draw- 
ing a marked card as parameter. In 
each figure the results are collapsed 
over the two sexes and the two values 
of DO that were associated with the 
given IOs. No significant sex differ- 
ences were found, and this variable 
will not be discussed further. The 
small but consistent differences due 
to DO will be discussed below. 

The Marks effect is clearly visible 
in the fact that the right-hand limbs 
of the curves, which correspond to 
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Fic, 1. Percentage of bets on marked 
cards as a function of independent outcome 
value of marked cards ranging from —10 to 
10¢, with probability of marked cards as 
parameter. (Each point is based upon one 
bet by each of 60 Ss.) 


positive IOs, are higher in all cases 
than the left-hand limbs, which cor- 
respond to negative IOs. At the 
level of individuals, each S was 
classified as positive, Zero, or negative 
according to whether he bet more 
often, equally often, or less often on 
marked cards with positive IO than 
with negative IO. Of the 120 Ss, 
75 (62.5%) were positive, 18 (15%) 
were zero, and 27 (22.5%) were 
negative. This departure from sym- 
metry is significant, x? (1) = 21.7, 
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Fic. 2. Percentage of bets on marked 
cards as a function of independent outcome 
value of marked cards ranging from —50 to 
50¢, with probability of marked cards as 


parameter. (Each point is based upon one 
bet by each of 60 Ss.) 


p «.01. More impressive, perhaps, 
is the fact that more positive 
negative Ss appeared in each of th 
eight experimental groups of 15 S5; 
this asymmetry is significant by 
binomial expansion, p < .01, 

As to the effect of the difference be- 
tween the two sets of IOs, comparison 
of Fig. 1 and 2 shows that it was quite 
small, if it existed at all. 1f anything, 
the Marks effect was greater in the 
smaller set than in the larger; but 
overall tests of the significance of so 
small a difference were hardly war- 
ranted. Since the abscissa of Fig. 1 is 
drawn to a scale five times that of 
Fig. 2, the similarity of the curves in 
the two figures suggests that the 
Marks effect over these values of 10 
is relative to their range, as we had 
supposed might be the case. 

Effect of DO.—Because DO pro- 
vided an incentive for correctness, it 
might be expected that the larger DO 
would result in higher frequencies of 
bets on marked cards when their 
probabilities were greater than .5 and 
lower frequencies when their proba- 
bilities were less than .5. To test for 
this, each S was given a difference 
score obtained by subtracting his 
number of bets on marked cards at the 
probabilities .1 and .3 from the 
number at .7 and .9. The mean 
difference score was reliably greater 
for the larger than for the smaller DO 
both for IO of +10, ¢ (58) = 2.53, 
P < .05, and for IO of 50, t (58) 
= 2.19, p < .05, thus confirming the 
expectation. 

It has been suggested by Rotter 
(1954) and others that the Marks 
effect would be inversely related to 
the incentive for correctness. Indeed, 
at extreme probabilities and with 
large DO, the apparent size of the 
effect would necessarily be diminished 
by the tendency just noticed to bet 
with the probability. Taking as 4 
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measure of the apparent Marks effect 
the difference in number of bets be- 
tween the pooled positive and pooled 
negative IOs, the data permitted 20 
comparisons, one for each of the two 
sets of IOs and each of the sexes at 
each of the five probabilities. At the 
extreme probabilities, .1 and .9, the 
apparent Marks effect was less with 
the larger DO, as expected, in 7 out of 
8 comparisons; at .3 and .7 the count 
was 5 out of 8; and at .5, the apparent 
effect was greater with the larger DO 
in all four of the possible comparisons. 
This suggested relationship between 
DO and probability deserves further 
study. 


Discussion 


The effects of IO upon bets and predic- 
tions, as found in all eight groups of the 
present experiment and in similar work 
cited above, appear to be “irrational” 
as judged by most criteria of rationality. 
An attempt to account for them by 
concave upward utility functions might 
be made but its usefulness in the present 
state of utility measurement is question- 
able. On the other hand, Edwards (1961, 
1962) has pointed out the difficulties 
that decision theory confronts if the 
Marks effect is regarded as an interac- 
tion between utility and expectancy. He 
has suggested that the difficulties would 
be lessened if it could be interpreted 
as an interaction involving only the 
signs, and not the amounts, of IO. In 
the present context, if we understand 
Edwards, this amounts to supposing 
that the underlying functions of Fig. 1 
and 2 are composed of two horizontal 
segments, discontinuous at zero. If this 
were true, our supposition that the two 
sets of curves differ largely by a scale 
factor would of course be aside from the 
mark, Unfortunately, the present results 
are not decisive on this point. If the 
limbs of the curves of Fig. 1 and 2 have 
positive slope, the frequencies of bets 
on marked cards should be greater at 
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—2 and 10 than at —10 and 2, respec- 
tively, and at —10 and 50 than at —50 
and 10. A score that incorporated these 
comparisons over all probabilities was 
determined for each S, and the mean of 
these scores over all Ss was reliably 
greater than zero, £ (119) 2.25, p «.05. 
Nevertheless, the small size of the mean 
(.32) and the irregularities of the func- 
tions suggest that judgment be withheld 
pending further evidence. 
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TIME AND EVENT UNCERTAINTY IN UNISENSORY 


REACTION TIME: 


DONALD REYNOLDS?! 
Michigan State University 


Prior bisensory studies in reaction time (RT) have not obtained a pure 
speed measure of response latency. Errors in tracking tasks and 
differential latencies to bisensory stimuli are confounded with pure 
response latency; such results cannot adequately explain the psycho- 
logical refractory period (PRP). Using pairs of visual stimuli, event 
uncertainty was held at 0 while temporal uncertainty was manipulated. 
Results show: (a) a general rise in mean 1st RT as a function of ISI 
length; (b) the PRP seems inversely related to “practice” of Ss; (c) some 
evidence for extinction of competing responses accounting for the shapes 


of the RT curves. A competing response theory was offered to explain 
“Temporary Inhibition of Response" 


PRP, thought a special case of the 
phenomenon (Reynolds, 19642), 


Several investigators have recently 
studied the role of temporal and/or 
event uncertainty in reaction time 
(RT) studies (Adams, 1962; Adams 
& Chambers, 1962; Borger, 1963; 
Creamer, 1963; Davis, 1959, 1962; 
Helson, 1964; Helson & Steger, 1962; 
Klemmer, 1956). "Temporal and event 
uncertainty have alternately been 
held responsible for the psychological 
refractory period (PRP). Reynolds 
(19642) suggested that temporal un- 
certainty was chiefly responsible for 
the PRP, and suggested a competing- 
response theory to handle the data 
when the PRP was found with event 
uncertainty (pp. 341—342). 

"There are difficulties in the immedi- 
ate generalization from the work of 


l'The studies reported herein were com- 
pleted while the author was in receipt of a 
National Institute of Mental Health Pre- 
doctoral Research Fellowship, MPM 16, 
194-02, from the United States Public Health 
ice, and represent a partial summary of 
a dissertation submitted to Michigan State 
University. The author wishes to acknowl- 
edge the support of M. Ray Denny, Chair- 
man, T. M. Allen, Charles Hanley, and 
Donald M. Johnson. 
2 Now at System Development Corpora- 
tion, 2400 Colorado Avenue, Santa Monica, 
California 90406. 
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Creamer (1963) and other (Adams, 
1962; Adams & Chambers, 1962) 
to the PRP. The main obstacle li 
in the use of a tracking task, which 
determines the criterion measure ems 
ployed. This measure, called ' 
sponse speed" in Creamer's (1963) 
study, is a composite latency and is 
further confounded by the bisensory 
channels used. In Creamer's study 
the visual response was always made 
with a shorter latency than the audi- 
tory one, an ambiguous finding in light 
of his instructions to S to respond 
first to the visual stimulus (see P: 
189); further, there are differential 
latencies of response to visual ani 
auditory stimuli (Woodworth &Schlos- 
berg, 1954) in the reverse direction. 
Since “response speed”’ includes errors. 
and the time needed to correct them, 
it may be a poor estimator of RT and; 
as such, throw only indirect light on 
the PRP. The simpler RT task in 
which one sense modality is stimu- 
lated would appear a more logi 
choice for the attempted analysis 0 
the role of temporal and event un- 
certainty in the PRP. É 
The experiments reported herein 
presented S with two stimuli in close 
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temporal contiguity and required 
him to make a single, discrete response 
to each. An unconfounded measure 
(RT) of response latency was thus 
possible. Event uncertainty was held 
to zero while temporal uncertainty 
was varied (Exp. I), and both event 
and temporal uncertainty were held 
to zero while varying the amount of 
"practice" of S (Exp. II). 


EXPERIMENT | 


A "Random" or ‘“Regular’’ series 
of interstimulus intervals (ISI) were 
employed between each member of 
pairs of stimuli in order to introduce 
temporal uncertainty; since it was 
inappropriate to do a parametric 
study at this early stage, the Random 
series was taken to correspond to 
“much” temporal uncertainty and the 
Regular series to "little" temporal 
uncertainty. Temporal uncertainty 
thus refers to the uncertainty asso- 
ciated with the interval between mem- 
bers within a pair (the ISI). A uni- 
sensory, visual task was used. The E 
specified on which side (left or right) 
the first stimulus would occur, indi- 
cating that the second stimulus would 
occur on the opposite side (right or 
left, respectively), thus eliminating 
event uncertainty. 


Method. 


Subjecis.—The 28 Ss were volunteers re- 
cruited from the introductory psychology 
course at Michigan State University. All 
were male, right-handed, and had at a 
minimum 20-20 vision, corrected. The Ss 
were randomly assigned to experimental 
treatments. 

Apparatus.—Facing S at a distance of 86 
in. (+2 in.) was a panel 18 X 24 in. Three 
holes 14 in. square were cut such that a 
horizontal line bisecting their centers would 
be 12 in. above the table top on which the 
panel rested. Centers of these holes were 7 
in. apart. The center hole was covered from 
the rear with a square of white frosted glass 
on which was affixed a small red fixation 
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square; the two other holes were covered from 
the rear by the stimulus projection units of 
a Lehigh Valley Electronics multistimulus 
panel. Each visual target subtended an ap- 
proximate visual angle of 4°; at 80 in. dis- 
tance, this provides a visual fixation angle of 
10°. Given a stable fixation point with 
“normal” wander, images from the targets at 
this distance will fall on the foveal region of 
the retina, giving maximum acuity. A visual 
check made by E determined that under con- 
ditions of S placement, even if S was looking 
at one of the squares, the other two were well 
visible; and so no check of fixation point of S 
was made during the experiment. 

Each target was a pattern of three vertical 
white dots superimposed on a green circular 
field 1 in. in diameter, and was exposed for 
95 msec. 

Response keys were mounted on a heavy 
fiberglass board, spaced 93 in. apart at their 
centers. The distance between contacts on 
each key was maintained at .01 in. 

Procedure.—After practice trials, Ss were 
presented with one of two compound RT 
tasks. In the Regular series, a block of four 
trials of identical ISI length, either 0 or 
400 msec. between stimuli within each pair, 
was followed by blocks of either 100- or 
300-msec. ISI; presentations were subse- 
quently lengthened or shortened in blocks of 
four trials. The series of trials starting at 
0-msec. and ending at 400-msec. ISI is termed 
ascending; the reverse procedure is termed a. 
descending series. In the Random series, 
ISIs were randomly presented to S with the 
restriction that no ISI could follow itself; 
adjacent ISIs had to be at least 200 msec. 
apart. The S was required to respond to each 
stimulus and at no time was he informed that 
the ISI was to be changed. Each S proceeded 
through both the regular and random series; 
stimulus order, ISI presentation, and ascend- 
ing-descending series were counterbalanced 
across Ss. The S always knew on which side 
the first stimulus would occur (complete event 
certainty). Latencies of response greater 
than 800 msec. (rare) were rerun at the end 
of the series. 

Each series contained eight each ISIs of 
0, 100, 200, 300, and 400 msec., four of which 
were in the order left-to-right (left stimulus 
first) and four the reverse. The Ss completed 
a stimulus ordering within the Regular or 
Random series prior to shifting to the reverse 
stimulus ordering. 

ITIs (times between presentation of pairs 
of stimuli) were programed on a VI 10 
schedule (actual mean ITI — 10.43 sec.) 
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Fic. 1. RT as a function of ISI length, 
Regular series, Exp. I. 


with a range of 5 to 20 sec. The VI schedule 
servedasa partial control against anticipatory 
responding, which was easily apparent if it 
occurred. Such responses (rare) were rerun 
at the end of the series. 

Instructions to Ss.—The Ss were given no 
information about temporal distribution of 
the ISI other than it would be very short. 
They were instructed, “. . . to respond to 
each light only when it goes on.” The Ss 
were warned that, as a precaution against 
anticipatory responses, sometimes the lights 
would go on together. For the half of the Ss 
for whom the regular series occurred first, in 
addition each S was told that in the next 
block of trials (the random series) the stimuli 
would have irregular rather than regular 
spacing within each pair. This was done to 
discourage anticipatory responses based on 
expectancies developed in the previous phase. 


Results and Discussion 


It was hypothesized that the PRP 
would be obtained under the condi- 
tions in Exp. I, where event uncer- 
tainty was zero, with a greater effect 
for the random than for the regular 
series of ISIs. When events are cer- 
tain, the only “problem” with which 
S must deal is when to get the second 
response out with minimal delay. At 
longer ISIs in the temporal uncer- 
tainty condition the frst stimulus 
can perhaps serve as a warning signal 
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for the second. At shorter ISIs th 
first response may already be under- 
way when the second stimulus occurs 
If the competing response theory 

Temporary Inhibition of Respon: 
(TIR) is correct, one would look for 
maximum delays of response to any 
stimulus if that stimulus occurs while 
another response is ongoing, ie., à 
"short" ISIs. : 

Figures 1 and 2 present mean RTs 
for the first and second response in 
the Regular and Random series, 
respectively. 

A Wilcoxon matched-pairs signed- 
ranks test shows that the random 
series has a longer latency acri 
ISIs than the regular series for both 
first and second response (p < .0l, 
two-sided), in accord with the pre- 
diction based on the greater temporal 
uncertainty of the random series. 

A Friedman two-way analysis of 
variance by ranks (Siegel, 1956) 
shows that the ranks of the regular 
series, mean first RT, was nonsignifi- 
cant (p > .05, two-sided) whereas 
all other ranks were highly significant 
(each p < .001, two-sided). It ap- 
pears that RT, under the above con- 
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Fic. 2. RT asa function of ISI lengthy 
Random series, Exp. I. 
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ditions, is systematically affected by 
varying ISIs, such that as the ISI 
decreases to 0 msec. the latency of 
the first response decreases and the 
latency of the second increases. Note 
that in both figures the rising curves 
for the mean first RT are significant 
(p < .03 for each) and the drop in 
mean second RT for each is also 
significant (P « .0001); all sign tests 
were two-sided. 

Only the comparisons at and below 
100 msec. between mean first and 
second RT were significant by a sign 
test (p « .008 for both, two-sided), 
in accord with the prediction that 
the PRP will occur at "short" ISIs 
even with complete event uncertainty. 

The difference between the ascend- 
ing and descending series was non- 
significant by a Wilcoxon text, justi- 
fying the combination of the two 
in the above analysis. 

Adams (1962) found the PRP at 
short ISIs using a tracking task under 
conditions analogous to those of Exp. 
I. That study, together with the 
Adams and Chambers (1962) study 
suggests that the net effect of event 
uncertainty is to elevate latencies of 
both responses, while the effect of 
temporal uncertainty is to elevate 
latencies of the second response, only 
at "short" ISIs. The results of 
Exp. I demonstrate that the PRP can 
be obtained under temporal uncer- 
tainty, even with complete event 
certainty. 


EXPERIMENT II 


Borger (1963) could not support a 
theory of PRP based on temporal 
uncertainty. He combined temporal 
certainty and event uncertainty in a 
bisensory RT task. He found the 
PRP at ISIs of 300 msec. or less; 
Ss were very variable and no sta- 
tistics were reported. If Borger and 
Creamer are correct, a combination 
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of event and temporal certainty 
should result in the destruction of the 
PRP. Exp. II was designed to 
investigate this assumption. 

Experiment II has three parts: Part 
A Ss received only one ISI for their en- 
tire sequence of responses. In Part B Ss 
each received all 6 different ISIs in 
homogeneous blocks of 10 ISIs each. 
Part C is a replication of Part B, 
with slightly different instructions to 
S. In each part S always knew on 
which side the first stimulus would 
occur. Experiment II thus explores 
the role of temporal and event cer- 
tainty in the PRP, using a sequential, 
unisensory RT task. 


Method 


Subjects —The Ss were a fresh sample from 
the same population as in Exp. I. There were 
12 different Ss in each part, randomly 
assigned to experimental treatments. 

Apparatus—The apparatus used was 
identical to that in Exp. I. 

Procedure.—Part A Ss were given 50 
sequential unisensory RT tasks in a specified 
order (left-to-right or the reverse) at one of 
six ISIs: 0, 50, 100, 200, 300, or 400 msec. 
After Trial 50 the order of stimulus appear- 
ance was reversed. Prior to Trials 1 and 51, 
one trial to which S did not respond was 
given to him to acquaint him with the ISI 
and stimulus order. 

Each S in Part B was given a demonstra- 
tion trial to which he did not respond and 
then 10 trials in which the ISIs were homo- 
geneous. The S was then informed that E 
was going to change the ISI, while keeping 
the previously specified order the same. A 
new demonstration trial was then given to 
which S did not respond. The Ss continued 
to receive homogeneous blocks of 10 trials, 
each with a different ISI but the same order. 
ISIs were randomly selected for the sequences 
with each ISI appearing equally often as the 
first, second, third, fourth, fifth, and sixth in 
order. After 60 trials the experiment con- 
tinued with the order of the stimulus pres- 
entation reversed. Before Trial 61, S re- 
ceived one demonstration trial to which he 
did not respond. All procedures in Part C 
were identical to those of Part B, but Ss were 
further instructed to “. . . be equally fast 
with each hand." The Ss received this 
admonition before each block of 10 trials. 
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The ITIs were identical to those of Exp. I. 
Latencies of either response greater than 800 
msec. (again, rare) were discarded and the 
trial rerun at the end of the block of 10 trials. 


Results and Discussion 


Figures 3 and 4 present mean first 
and second RTs at each ISI for Parts 
A, B, and C, respectively. There is 
no mean "first" RT in Part A at a 
O-msec. ISI because both stimuli 
occurred together and therefore the 
stimulus order is indeterminate. 

A sign test on the data of Part A 
for all ISIs except 0 msec. compared 
mean first and second RT for each 
block of 10 trials per S and was highly 
significant (p « .0001, two-sided), in- 
dicating that the mean second re- 
Sponse was made with a shorter 
latency than the first across Ss, 

A Friedman two-way analysis of 
variance was computed for the mean 
first and second response in Part B. 
Both latencies were significantly dif- 
ferent across ISIs (b < .001 and 
b < .01, respectively, two-sided), sug- 
gesting that unisensory sequential 
RT, given temporal and event cer- 
tainty, is systematically affected by 
varying ISI length. This finding 
occurred in Exp. I, with a combina- 
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Part A, Exp. II. 
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Fic. 4, RT as a function of ISI length, 


Parts B and C, Exp. II. 


tion of event certainty and temporal 
uncertainty, A similar analysis for 
Part C yielded similar results (f «.001; 
two-sided for both responses). f 

A Mann-Whitney U test (meal 
responses at each ISI, excluding the 
0-msec. ISI) shows Part A signif- 
cantly different from Part B with 
respect to both mean first and second 
response (U—3, p=.028, and U=0 
b = .004, one-sided, respectively). 4 
similar comparison of Part A with 
Part C provides identical levels 0f 
significance. Comparisons of Parts 
B and C on mean first vs. second 
response were not significant. The) 
results of Part A appear quite differe 
from those of Parts B and C. 

In Part A the curve for mean first 
RT rises irregularly but sharply P 
ISI length is increased. A sign tes 
comparing the 50- and 400-msec 
points (biased on the "safe" side) 
shows these points to be significantl) 
different (p < .001, two-sided). A 
sign test at the 200 vs. 400 msec. IS] 
points for the mean second RT R 
significant (p < .006, two-sided). A® 
the ISI increases beyond 200 m 
there appears to be some room for 
decrease in latency of the second 
response. Possibly this is because 
the first stimulus is sufficiently tem 
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porally separated from the second at 
200 msec. and can serve as a warning 
signal. 'The results of Part A con- 
firm the hypothesis that with com- 
plete temporal and event certainty 
the PRP will be absent. 

Within Part B both the rise in mean 
first RT and the drop in mean second 
RT are significant by sign tests 
(p < .006, two-sided for both). A 
sign test between the 50-msec. points 
for mean first vs. second RT in Part 
B was not significant, but a similar 
comparison at the 0-msec. ISI point 
was (p < .006, two-sided). A set 
of similar comparisons on Part C 
resulted in virtually identical levels 
of significance. These results show 
that in Parts B and C the PRP is 
found, even with complete event and 
temporal certainty. 


GENERAL DISCUSSION 


It may be possible that S followed a 
tendency to look at the first stimulus to 
appear (since he always knew on which 
side it would appear). If that were true, 
then we would expect latencies to the 
first stimulus to be shorter than to the 
second, regardless of experimental treat- 
ment. That this was not the case affords 
some internal evidence as to the relative 
potency of eye-fixation strategy in these 
conditions. 

The rise of the mean first RT curve as 
ISI length increases may be assumed 
to be a stable phenomenon and is based 
on four different studies involving 64 
different Ss; it occurs with complete 
temporal and event certainty as well as 
with a combination of temporal un- 
certainty and event certainty. This find- 
ing has not previously been reported in 
the RT literature. Reynolds (1964b) 
put forth an explanation of decreased 
first RT latency with decreased ISI 
length in terms of psychophysical sum- 
mation. As the ISI approaches 0 msec. 
double stimulation may be responded 
to as a single, more intense stimulus; it 
is known that RT decreases as stimulus 
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intensity increases (Woodworth & Schlos- 
berg, 1954). Temporal summation, with 
increased phenomenal brightness, is not 
untenable and receives some support 
from the work of Clark (1958, cited in 
Dember, 1960, p. 125) and Lindsley 
(1958). 

The finding of PRP in Parts B and C 
of Exp. II is puzzling, for both had 
complete temporal and event certainty. 
There are two main differences between 
Ss in Parts A vs. B and C: (a) In Part A 
Ss received only one ISI across trials; 
Ss in Parts B and C received all ISIs. 
(b) Ss in Part A received 100 trials at 
the same ISI, while those in Parts B and 
C received a total of 20 trials at the same 
ISI. The former refers to the number of 
ISIs used while the latter refers to the 
number of trials per ISI. Although the 
effect of the former might be to somehow 
increase (for Parts B and C Ss) temporal 
uncertainty as blocks of trials progress, 
the flavor remains decidedly ad hoc. 
The latter difference above refers essen- 
tially to the difference between ''well 
practiced” and less “well practiced" Ss 
For any single ISI, Ss in Part A are 
more "practiced" than those in Parts B 
and C. Berlyne (1960) notes: 


Instead of speaking of a conflict between 
two partially incompatible responses Ri and 
Rs, we might speak . . . of a conflict between 
two completely incompatible responses Rz 
and R-», the latter being the inhibition of Rz 
that is traceable to the arousal of Ri. The 
greater the degree of antagonism between Ri 
and Rs, the greater the conflict since the more 
nearly equal in strength Rs and R-» will be 
Ep. 34]. 


If Rẹ must be made (as in the present 
sequential task) it might be delayed 
due to competing responses. The arousal 
of R_» might be diminished with increas- 
ing trials, such that a “well practiced” 
S might not have R, delayed. Two 
reasons for this conjuncture, in increas- 
ing importance, are: (a) the belief that 
there is no reinforcement structure to 
support R.», and (b) with repeated 
elicitation of Re, R.. may be extinguished 
since the two responses are presumed 
wholly incompatible. The "practice 
effect" over trials should affect only the 
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Fic. 5. RT as a function of blocks of trials, Parts A and B, Exp. II. 


second response, which should decrease 
in latency as the incompatible R.. 
extinguishes. As a check on this as- 
sumption, RT as a function of blocks of 
trials for the data of Parts A and B are 
graphed and presented as Fig. 5. 

Sign tests on the data of Fig. 5 on the 
difference between Blocks 1 and 4, and 
1 and 5 for the mean first RT curve 
(Part A) were not significant (p > .05, 
even by a one-sided test). A sign test 
on the mean second response between 
Blocks 1 and 5 was highly significant 
(p = .011, one-sided). The hypothesis 
made above is thus supported and the 
“extinction of competing responses” 
explanation may thus be viewed as 
tenable, 

The data of Parts B and C were 
examined analogously. (Since the curve 
for Part C virtually overlaps that of 
Part B, Part C has not been plotted.) 

In Part B any “practice effect” 
associated with the second response is 
certainly at a minimum, since both 
curves rise over blocks of trials. In 
Parts B and C a different process (or 
processes) may be involved and there 
appears to be no extinction of the 
competing response R_». 


Both positive and negative evidence 
from examining the data of Exp. I 
over blocks of trials would make it 
appear tenable that the PRP is a function 
of competing responses associated with 
the second response made at or near 
simultaneous presentation of stimuli and 
that this finding in part confirms the 
earlier competing response theory of the 
TIR (Reynolds, 19642). 
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2 experiments were conducted in which Ss gave 1 of 3 responses to each 
stimulus in a random sequence prepared from 32 distinct stimuli which 


assumed 1 of 2 levels for each of 5 dimensions. 


'The sequence was 


constructed so that 2 of the 32 stimuli occurred with probability ł each 


and the remaining 30 stimuli occu 


rred with probabilities summing to }. 


Ss were instructed to respond by depressing a — key to one of the high 
frequency stimuli, and a + key to the other, and a 0 key to any of the 
remaining 30. Results support the hypothesis that frequently occur- 


ring stimuli may be identified as 
of template matching which com 
However, the results also suggest 
serially, and infrequent (or unfam 


total patterns, perhaps by some sort 
pares all dimensions simultaneously. 
that the template matches are made 
iliar) stimuli are identified by a serial 


examination of stimulus dimensions. 


Hick (1952) hypothesized that choice 
RT is an increasing function of 
stimulus information. To test this 
hypothesis he used an experimental 
task employing key-pressing responses 
to stimulus lights. By varying the 
number of stimulus-response pairs 
(n) from 1 to 10, he varied stimulus 
information and found that his data 
were well fit by the relation RT 
= A + Blog (n + 1), where A and 
B are parameters. Several further 
studies supported this hypothesis. 
Suci, Davidoff, and Surwillo (1960) 
varied stimulus information by vary- 
ing the number of equiprobable stim- 
uli, while Hyman (1953) varied stim- 
ulus information by altering the 
sequential statistical dependencies in 
the stimulus series, and by altering 
the probabilities of the stimuli. 

These results suggest that the choice 
process is serial, i.e., the set of alterna- 
tives is successively narrowed by 
applying tests on stimulus character- 
istics. Alternatively, the choice proc- 
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G-23324 from the National Science Founda- 
tion. The authors wish to thank Lee Hafter 
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of the data. 


ess could be parallel, where all tests 
are performed simultaneously, per- 
haps by some sort of template match- 
ing. The above studies appear to rule 
out this latter possibility. However, 
each of them confounded stimulus 
information with response informa- 
tion by maintaining the correspond- 
ence of stimuli and responses. The 
choice process may be considered to 
be composed of two subprocesses, 
stimulus identification (SI) and re- 
sponse selection (RS), which we 
assume do not overlap in time. We 
may account for the above results by 
assuming (a) both subprocesses are 
serial, (b) SI is serial and RS is 
parallel, or (c) SI is parallel and RS 
is serial. 

Mowbray and Rhoades (1959) found 
that extensive practice led to four- 
choice RTs which did not differ from 
two-choice RTs in a key-pressing 
task where different fingers were 
associated with different keys. Leon- 
ard (1959) obtained similar results 
with two-, four-, and eight-choice 
problems. In both studies, stimuli 
and responses were in one-to-one 
correspondence. These results sug 
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gest that none of the models is ade- 
quate for well-practiced Ss. How- 
ever, Welford (1960) has pointed 
out that in both these studies, RTs 
were analyzed only for the response 
of the index finger in order to control 
for differences in RT between fingers. 
Thus the results might be accounted 
for by Model c where SI required an 
amount of time independent of the 
number of alternatives but the index- 
finger response was the first response 
alternative considered in a serial RS 
process. However, Mowbray (1960) 
has found RT to be independent of 
the size of the stimulus set in a 
numeral-naming task, and although 
again his analysis was based on RT 
for a single response (eight), Welford’s 
objection seems less plausible in this 
context. 

The above results support the 
hypothesis that over a small range 
the size of the stimulus set does not 
affect RT whereas the size of the 
response set does, thus supporting 
Model c; and further, that the choice 
process for well-practiced tasks is 
parallel in both the SI and RS com- 
ponents, Further evidence in support 
of this analysis is offered by a different 
experimental procedure, wherein Ss 
are instructed to respond only when 
they detect certain target stimuli. 

Mowbray (1960) instructed his Ss 
in a numeral-naming task to respond 
only to the appearance of a target 
numeral, and to ignore all other 
stimuli. He found that RT increased 
with the size of the stimulus set. 
However, Mowbray (1964) later ac- 
counted for this result on the basis 
of the varying interresponse time. 
Neisser (1963) instructed his Ss to 
scan a list of stimulus items for any 
of a set of target items, and to respond 
when a target was found. The Ss 
were not required to identify the 
particular target, but merely to indi- 


cate that one had been located. The 
results indicated that the time re- 
quired to process a nontarget item 
could be independent of the size 
of the set of target items. ji 

A third procedure, wherein stimu- 
lus and response information. may 
be varied independently, requires Ss 
to classify many stimuli into each 
of several response categories. Ex- 
periments of this type have not led 
to unequivocal support of the above 
thesis. 

Rabbitt (1959) used a card-sorting 
task and varied the number (N) of 
categories and the number (M) of 
stimuli to be sorted into the same 
category. In support of Model c, 
he found that RT increased as N 
increased, and for N — 2 and 4 RT 
was constant as M varied from 2 to 8. 
However, for N = 6 and N = 8, RT 
increased with M, and further, a 
significant jump between M — 1 and 
M = 2 occurred for all values of N. 
Broadbent and Gregory (1962) found 
that this last difference disappeared 
when a well-practiced classification 
rule was employed. They had Ss 
sort cards into piles according to the 
city name appearing on the card. 
Sorting time was not altered when 
half of the instances of each name 
in the deck were printed in capitals 
with the remaining instances appear- 
ing in lower case. 

In a recent review, Posner (1964) 
distinguished two types of mapping 
tasks: "gating" tasks, where some 
stimulus dimensions are totally ir- 
relevant to the classification, although 
they vary in value; and “‘condensa- 
tion" tasks in which all dimensions 
are relevant. Posner reviewed re- 
search of both types and concluded 
that they yield different effects on RT 
even when response information is 
the same. He also reported two 
experiments of his own, in which 
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stimulus information and response 
information were varied independ- 
ently in condensation tasks and both 
factors were found to affect RT. 

In sum, no simple informational 
analysis has emerged to account for 
all situations studied. It was decided 
that a deeper analysis of the choice 
process was needed, with particular 
emphasis on the question of the 
conditions under which SI and RS 
processes were serial or parallel. To 
this end an experiment involving a 
many-to-one mapping of stimuli onto 
responses was devised. One stimulus 
(the ‘‘—” stimulus) was always 
associated with one response (the 
““—" response), a second stimulus 
(the “+” stimulus) was always 
associated with a second (“+”) 
response and all remaining stimuli 
were associated with the third (“0”) 
response. By equating response fre- 
quencies it is possible to determine 
if stimuli are recognized by (a) 
serially investigating each of the 
stimulus dimensions to arrive at a 
unique classification, (b) recognizing 
the — and + stimuli as patterns and 
the 0 stimuli by default, or (c) some 
combination of these processes. 


EXPERIMENT I 
Method 


Subjects.—The Ss, who were paid for their 
services, were five right-handed male under- 
graduates with normal vision. 

Apparatus.—The apparatus consisted of a 
35-mm. automatic slide projector with a 
circular magazine holding 81 slides, an elec- 
tronic counter driven by a 1000-cps crystal- 
base oscillator, a Hewlett-Packard printer, 
and a response keyboard employing micro- 
switches requiring a minimum pressure of 2 oz. 
Advancement of a slide mechanically acti- 
vated a microswitch which closed the counter 
gate until a response key was depressed, at 
which time the gate opened, the printer was 
activated to record RT in milliseconds, re- 
sponse key number, sequential trial number, 
and information identifying S and the ex- 
perimental session. Completion of the print 
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cycle caused the counter to reset, the trial 
number to advance, and the slide projector 
to advance, thus reinitiating the cycle. 
Operation was interrupted by E after the 
desired number of self-paced trials. The Ss 
were seated approximately 4 ft. from a 
ground-glass screen. The projector behind 
the screen presented a 6} X 8} in. viewing 
area at eye level. Response keys were ona 
table a comfortable distance in front of S. 
A separate key was used for the index, middle, 
and ring fingers of Ss right hand: these were 
the —, 0, and + responses, respectively. 
Stimuli —Color slides of simple geometric 
figures were used. Stimuli varied on two 
levels for each of five dimensions: shape 
(hexagonal or octagonal), position (top or 
bottom of screen), color (red or blue), size 
(small figures were about 70% of the area of 
large figures), and orientation (tilted, meaning 
a vertex of the figure projected at each side, 
or straight). The stimulus consisting of & 
small, red, tilted, hexagon, at the bottom of 
the screen was designated as the — stimulus; 
the + stimulus was the complement, i.e., à 
large, blue, straight octagon at the top of the 
screen. These two stimuli are depicted in 
Fig. 1, except for the color dimension. Five 
slide magazines were arranged with random 
sequences of slides, such that — and + 
stimuli occurred with frequency 1/3 for each 
type, and the total frequency of the remaining. 
Type 0 slides was 1/3, approximately equally 
divided among the 30 0 stimuli. 
Procedure.—Each S participated in 14 1-hr. 
sessions on separate days over a period of 
3wk. The procedure was identical for each S. 
During the initial session, the three stimulus 
types were described by examples and S was 
instructed on the assignment of stimulus 
types to the three response keys. After 
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Fic. 1. Target stimuli used in Exp- L 
(The hexagon in the — stimulus was redi 
the octagon in the + stimulus was blue.) 
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Session 5 the composition of the stimuli was 
explained, and S was asked if he had been 
employing the proper classification scheme. 
In each case, S replied in the affirmative, and 
examination of his performance confirmed 
this. This procedure of instruction was 
designed to avoid imposing a particular 
strategy on S. During each session, S was 
run on 20 sequences of 64 stimuli each. Time 
between a response and the appearance of the 
next stimulus was 1 sec. Slide trays were 
interchanged at random and were run in 
either forward or reverse. Instructions 
emphasized accuracy over speed (Howell & 
Kreidler, 1963) and at the beginning of 
Session 6 Ss were informed that their re- 
muneration would be inversely related to 
their error rate, with RTs over 1 sec, being 
considered errors. 


Results 


Mean RTs for each response were 
computed for each sequence of 64 
trials. These means were approxi- 
mately normally distributed with 
homogeneous variance as determined 
by Bartlett's test. Consequently, 
these means were employed in sub- 
sequent analysis. 

Table 1 summarizes mean RT for 
each response for each S averaged 
over Sessions 6 through 14. Although 
variance between sessions was large, 
each S consistently maintained an 
ordering of RT by response. How- 
ever, not all Ss maintained the same 
ordering. Although each S reacted 
least rapidly to 0 stimuli, three Ss 
reacted most rapidly to the + stimu- 
lus, while the other two Ss reacted 
most rapidly to the — stimulus. 


TABLE 1 


MEAN RT 1N MILLISECONDS FOR SESSIONS 
6 THROUGH 14 or Exp. I 


Ss 
T 2 3 4 5 
Response — | 529 | 504 | 548 | 530 | 524 
Response 0 | 593 | 540 | 592 | 599 | 586 


Response + | 548 | 495 | 535 | 486 | 544 


A separate analysis of variance was 
performed for each S, using a two- 
way classification (Responses X Ses- 
sions) with 20 replications per cell 
corresponding to the 20 sequences 
of 64 trials in each session. A further 
analysis was made for each S, com- 
paring only the RTs for the + and — 
responses, which were in each case 
the most nearly equal. The results 
of these analyses are reported in Table 
2. For each overall analysis, re- 
sponse effects and session effects 
were significant (p < .001) and inter- 
action effects were significant (p € .01) 
in all but one case, Of the five com- 
parisons between + and — responses, 
four were highly significant (p< .001) ; 
the fifth (S) was also significant 
(p < .05). 

These results support the hypothe- 
sis that S may learn to respond to a 
total stimulus pattern without analyz- 
ing it into its dimensions, but suggest 
that S matches stimulus patterns in a 
consistent serial order. Further, the 
identification of 0 stimuli, which 
requires significantly longer time, 
appears to require analysis of each 
stimulus instance, although it should 
only be necessary to determine that 
the stimulus was not a + and nota — 
stimulus in order to select the correct 
response. A second experiment em- 
ploying equal frequencies of all Type 
0 stimuli and modified training pro- 
cedures was performed to investigate 
the process of identifying stimuli 
within the 0 class. 


EXPERIMENT II 


Method 


Subjects—The Ss were 10 right-handed, 
male students with normal vision, none of 
whom had participated in Exp. I. The Ss 
were paid. 

Apparatus.—The apparatus was identical 
to that used in Exp. I except that the slide 
projector was replaced by a stripfilm projector 
which presented stimuli at the rate of one 
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TABLE 2 
ANALYSES OF VARIANCE FOR EacH S IN Exp. I 
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eee 8 every 2 sec. independent of S's response rate, 
iii i AT t 
ERRUN In addition, a buzzer was automatically 
R [everti cx sounded when S made an error. ; 
Ex hU d Stimuli.—Black and white photographs of — 
D ca simple geometric patterns were employed, 
Hil e dn using a stripfilm containing 630 frames. 
ONE AO Stimuli varied on two levels for each of five — 
A gat b] dimensions, which were chosen to minimize 
= difficult discriminations. The dimensions l 
were: background (light or dark), border 
EH H H H (present or absent), shape (rectangle or 
&|298 x square), stripes in figure (vertical or hori- 
es Ed zontal), figure in center (an “X” or a blank 
Rid p space). The — stimulus was designated as 
[i a light background, border present, rectangle, 
Sas? Z2 vertical stripes, with an X; the + stimulus i 
4/RAN AA was the complement of the — stimulus. - 
3 Mie ud These stimuli are depicted in Fig. 2, except | 
S = for background shading. This figure is to — 
Uu = scale; the rectangular viewing area measured l 
fiii i 6.5 X 8.5 in. The stripfilm contained in 
woo random sequence 210 instances of the — 
gas Ei stimulus, 210 instances of the + stimulus, ~ 
" E and 7 instances each of the 30 0 stimuli. The - 
^ sequence was arranged such that, within any — 
REEERE group of 64 instances, the relative frequencies 
FA er aed of each of the 0 stimuli were approximately - 
ne = the same and summed to 1/3. It is convenient - 
to number the 32 stimuli with binary num- - 
E bers, associating a specific digital position - 
HE * with each of the five dimensions. This nota- - 
mW eoo F tion is employed in Table 3. Reading from 7 
gas 6 high order to low order digits, the associa | 
E dimensions are background, border, shape, ` 
stripes, and X. A 0 is used for the — value - 
^ S322z8 (that value present in the — stimulus) and | 
Ei See a 1 for the + value. , 
Soci Procedure.—The experiment was divided 
into two parts. Five sessions (Phase I) were - 
ffi oi analogous to the procedure employed in Exp. | 
A ELE UM I; five additional sessions (Phase 11) emplo: 
dat the same stimuli but different tasks. „Each 
E + session in Phase II was devoted to discrimina: — 
5 tions involving only one of the stimulus | 
oor e dimensions, with the other four being irrele- 
P S*9235$ vant during that session. The Ss were | 
x ZON og instructed to give either the + or the — 
S response depending upon which value of the 
relevant dimension was present in the stim; 
S "ez2-73 ulus. The 0 response was not used. Each 


Source 


received a different ordering of the one 
dimensional tasks in Phase IT. Denoting thè 


m B dimensions by the letters A, B, C, D, and E; 
= & ; the five orders were ABCDE, BDAEC, 
2$. g |s CEBAD, DAECB, and ECDBA. The 10 5: 
52 ; SS were divided into two equal groups, with 1 
M 

EM ue 5 orders. One group of Ss received Phasen 
a ES before Phase Il; the second group of »* 
«d i ti received Phase II before Phase I. 


| 
: 
| 
| 
TUN from each group assigned to each of the task | 
* 
E 
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0 
| 


Fic. 2. Target stimuli used in Exp. IH. 
(The — stimulus appeared on a 10% gray 
background; the 4- stimulus appeared on a 
60% gray background.) 


During each session, S received 18 se- 
quences of 64 trials each and two sequences 
(the tenth and twentieth) of 54 trials each. 
The time between response and next stimulus 
varied from trial to trial between 1 and 1.5 
sec. Sequences were separated by a 30-sec. 
rest period and a 10-min, break after the tenth 
sequence. Before the first Phase I session, 
the classification procedure was explicitly 
stated to S, with the stimulus dimensions 
explained to each S in the same order. 
Practice trials were given until S felt he under- 
stood the task. Instructions emphasized 
accuracy, and it was explained that payment 
would be inversely proportional to error rate, 
with RTs over 1 sec. counting as errors. The 
S was kept informed of his error rate by 
means of the error buzzer. 


Results 


Mean RT over all Ss and all ses- 
sions of Phase I for —, 0, and + 
responses were respectively, 597, 684, 
and 617 msec. ¢ tests indicate these 
differences to be significant (P < .01). 
All Ss gave shorter mean RT for the 
— response, next shortest for the + 
response, and longest for the 0 
response. 

Further analyses were made of the 
responses to 0 stimuli. Each S's 
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mean RTs were used to rank the 0 
stimuli for each of the five Phase I 
sessions. A coefficient of concordance 
(Kendall, 1943) was computed for 
each S using his five rankings. The 
coefficients for the 10 Ss were: .71, 
.61, .61, .68, .72, .80, .69, .75, .68, and 


.82. Each of these coefficients was 
significantly different from zero 
(p < .001). 


The consistency of treatment of 
the 0 stimuli indicated by the fore- 
going results suggests that Ss em- 
ployed a strategy of stimulus identi- 
fication with great, though not perfect, 
consistency. One hypothesis is that 
Ss scanned each stimulus by examin- 
ing serially each dimension until at 
least one — and at least one + level 


TABLE 3 
MEAN RT For ALL Ss iN PHASE I or Exp. II 


Stimulus PERSA Errors 
00000 597 582 
00001 761 48 
00010 685 81 
00011 639 13 
00100 663 12 
00101 663 18 
00110 651 18 
00111 704 17 
01000 696 46 
01001 670 11 
01010 639 11 
01011 621 11 
01100 639 74 
01101 729 39 
01110 672 18 
01111 791 185 
10000 822 138 
10001 707 17 
10010 690 33 
10011 701 13 
10100 630 9 
10101 690 34 
10110 675 22 
10111 741 108 
11000 677 13 
11001 672 7 
11010 645 11 
11011 651 12 
11100 661 11 
11101 752 100 
11110 664 23 
11111 617 495 
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were detected, at which point suf- 
ficient information was available for a 
definite classification. An examina- 
tion of Table 3 discloses that longer 
RTs are associated predominantly 
with stimuli containing a rectangle 
and an X ora square and no X. This 
suggests that the shape and X dimen- 
sions are examined first, a response 
being given if these dimensions have 
opposite levels, and scanning pro- 
ceeding to a third dimension if they 
have the same level. If the order 
of scanning is consistent to some 
degree, it can be inferred by com- 
parisons of RTs for various sets of 0 
stimuli, 

We will say that two stimulus 
dimensions have the same value if 
both assume a + value or both are — 
values and that they differ if one hasa 
+ value and the other a — value. 

Recalling the relation between stim- 
ulus number and stimulus dimension, 
denote by “‘ssxxx”’ the set of 0 stimuli 
which have the same value (both + 
or both —) on background and border 


TABLE 4 


MEAN RT ron SETS or 0 STIMULI ON 
Puase I or Exp. II 


Stimulus Set Mean RT in Milliseconds 
SSXXX 676 
ddxxx 690 
SXSXX 679 
dxdxx 688 
SXXSX 688 
dxxdx 684 
SXXXS 682 
dxxxd 685 
XSSXX 704 
xddxx 667 
XSXSX 682 
xdxdx 685 
XSXXS 688 
xdxxd 680 
XXSSX 703 
xxddx 667 
Xxsxs 704 
xxdxd 667 
XXXSS 684 
xxxdd 683 
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TABLE 5 


Mean RT IN MILLISECONDS FOR 
Puase II or Exe. I 


Background| Border 


497 487 


Stripes X 


549 449 


Shape 


450 


dimensions, regardless of the values 
on the other three dimensions; denote 
by “ddxxx” the set of 0 stimuli which 
have different values (one + value 
and one — value) on background and 
border dimensions. A similar nota- 
tion is employed to denote other 
classes of stimuli. Mean RTs for 
sets of stimuli are reported in Table 4. 

The largest mean RTs are found for 
stimuli with the same levels on the 
shape and X dimensions, on the shape 
and border dimensions, and on the 
shape and stripes dimensions. These 
means are of course not based on 
independent samples; however, under 
the hypothesized identification strat- 
egy, the suggested ordering of dimen- 
sions (shape, X, border, stripes, back- 
ground) yields a ranking of 0 stimuli 
which is closest to the observed 
ranking. 

Table 5 presents mean RTs for 
Phase II, with values for each task 
reported separately. There is a high 
degree of consistency among Ss in 
the order of task difficulty as measur’ 
by mean RT. Shape and X dimen- 
sions yielded the shortest RT ; border 
ranked third, background fourth, 
and stripes yielded the longest RT. 


Discussion 


These results are inconsistent with any 
model employing a serial stimulus- 
identification subprocess which tests 
stimulus characteristics sequentially. 
However, they are also in disagreement 
with models employing a strictly paralle! 
stimulus identification, since such models 
would predict that RT for + and — 
stimuli would be longer than RT for 0 
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stimuli. An adequate explanation of the 
experimental findings is the following: 
A subprocess first tests by template 
matching for the presence of a + 
stimulus (or — stimulus, depending 
upon S); a positive result triggers the 
response mechanism; a negative result 
selects a second identification subprocess 
which tests by template matching for 
the presence of a — (or +) stimulus; a 
positive result triggers the response 
mechanism, a negative result selects a 
third identification subprocess which 
tests by a serial process for the presence 
of a 0 stimulus. 

It is conceivable that the first two 
identification subprocesses could inyolve 
serial activation of the one dimensional 
test processes. This seems unlikely for 
three reasons. First, all tests would 
necessarily have to have been performed 
to identify the + stimulus, and yet the 
results of these tests are not available 
after rejection of the instance as a +, 
for if they were, the correct response 
could be selected immediately. Second, 
analysis of the RT for various 0 stimuli 
yields an estimate of the time required 
for analysis of a single dimension which 
is of the same order (20-70 msec.) 
as the difference in RT between + 
and — stimuli (9-44 msec.). Third, 
verbal reports obtained from Ss after 
completion of the experiment confirm 
the hypothesis that + and — stimuli 
were identified as total patterns. A 

Also of interest is the manner in which 
the infrequent stimuli are identified. 
In the first place the experimental 
evidence indicates that Type 0 stimuli 
are not classified by default, although 
this is all the task requires. The 0 
identification subprocess is better de- 
scribed as a more complex process of the 
following form: Select a dimension and 
note its value, then select another dimen- 
sion and note its value, responding if 
they differ; if they do not differ, select a 
third dimension, etc. A 

It is clear from the variations in RT 
for the various 0 stimuli that the order of 
examination of the dimensions is not 
invariably the same from trial to trial, 
although one particular order was clearly 
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favored over the other 119 possible 
orders. The results further suggest the 
hypothesis that the order in which the 
dimensions are selected may be the order 
of discriminability as measured by the 
speed of discrimination of the dimen- 
sions taken singly, with easier dimensions 
selected sooner, The only notable 
exception to this suggestion occurred 
in the reversal of the most difficult and 
second most difficult dimensions (stripes 
and background). 

That the differences in RT for the 
various 0 stimuli is due to differences in 
discriminability is supported by the 
fact that higher error rates are associated 
with longer RTs. Other studies of the 
effect of stimulus discriminability have 
for the most part compared stimuli which 
differed on a single dimension, e.g., 
number of spots (Crossman, 1955) or 
length of lines (Birren & Botwinick, 
1955; Botwinick, Brinley, & Robbin, 
1958). In these situations, there is 
available an intuitively plausible ordinal 
measure of discriminability (e.g., the less 
the difference in lengths of two lines, the 
less the discriminability of the lines) 
which can be studied as a variable affect- 
ing RT. With multidimensional stimuli 
there is no obvious way to combine the 
single dimensional discriminability rat- 
ings into one measure of overall discrim- 
inability. However, Crossman (1955) 
has suggested a formula for discrimina- 
bility between a single stimulus and a 
group of alternatives which vary along a 
single dimension, He reported limited 
experimental verification of this measure 
(see, however, a criticism of his experi- 
ment by Hughes, 1964). Crossman’s 
formula assumes that pair-wise confu- 
sions are additive in their effect, as would 
be the case if stimuli are compared se- 
quentially. Experiment II suggests that 
stimulus features are indeed examined 
sequentially in the present situation. In- 
sofar as the single dimensional RTs 
measured in Exp. II are indicative of the 
relative discriminability of the individual 
dimensions, the results suggest a further 
strong hypothesis concerning the process 
of discrimination. That RT is a reliable 
measure of discriminability is supported 
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by the work of Adams, Fitts, Rappaport, 
& Weinstein (1954), who found that 
RTs were well correlated with other 
measures of discriminability for multi- 
dimensional suprathreshold stimuli. 

Superficially, the present results ap- 
pear to support results of Neisser (1963), 
in that both studies have been inter- 
preted as evidence for some parallel 
processing in stimulus identification. 
Neisser's procedure differed from the 
present procedure, however, and a com- 
parison of results is not straightforward. 
Neisser presented his Ss with a list of 
letter strings to be scanned, serially, 
in search of a target item whose character 
differed in various experimental condi- 
tions. An overt response was given only 
when S located the critical item, and the 
slope of the linear plot of search time vs. 
number of nontarget items preceding 
the target item in the list was used as a 
measure of the time required to process 
each nontarget item (DT). 

The evidence which Neisser employs 
to support a hypothesis of parallel 
processing is that DT is independent of 
the size of the class of target items in 
some cases. Thus, when the target item 
was "any item containing a ‘Q,’” 
DT averaged 80 msec. under one experi- 
mental condition; when the target item 
was "any item containing a 'Z," DT 
averaged 240 msec.; when the target 
item was "any item containing either a 
'Q' or a 'Z' or both," DT averaged 130 
msec. Neisser argues that the test for 
Q or Z therefore takes no longer than 
the search for either letter alone, and 
hence the search for Z must proceed 
simultaneously with the search for Q. 
It must be noted, however, that when 
the target is O, the DT, being a measure 
of time to process nontarget items, is a 
measure of the time required to decide 
that an item does not contain Q. Hence 
the conclusion supported is that a test 
for the absence of a Q may proceed 
simultaneously with a test for the 
absence of Z. To investigate the hy- 
pothesis that a test for the presence of Q 
may proceed simultaneously with a test 
for the presence of Z, we must compare 
DT for targets (a) where Q is not present, 
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(b) where Z is not present, and (c) where 
either Q is not present or Z is not present 
or neither is present. Neisser also used 
these tasks, and the resulting DTs for 
one experimental condition were (a) 
360 msec., (b) 450 msec., (c) 740 msec. 
Thus the parallel hypothesis is not 
supported for processes which search for 
the presence of a letter. 

One way of comparing Neisser's situa- 
tion with the present one is to consider 
letters, such as Z, to be familiar stimuli 
analogous to the + and — stimuli of the 
present experiment. If this analogy 
is correct, Neisser's experiments are in 
agreement in supporting the assumption 
that template matchings which test for 
the presence of familiar stimuli are not 
made simultaneously. However, Neis- 
ser's results would suggest that 0 stimuli 
should have been identified most rapidly; 
since a 0 stimulus is the absence of a + 
and the absence of a — stimulus. 

The present results lead to the dis- 
quieting conclusion that stimulus identi- 
fication time, although independent of 
the size of the class of all stimulus ob- 
jects, is an increasing function of the 
size of the class of familiar objects, am 
further, that to decide that something 8 | 
unfamiliar requires comparison of it with 
all familiar objects. This conclusion 
is in direct disagreement with Neissers 
results as well as with many other ob- 
servations, such as the great rapidity 
with which one can scan a book or crowd 
in search of something familiar. Thus” 
it would seem that the process operative 
in the experimental situation reporte! 
here is not the only form which stimulus 
identification may assume. 
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SERIAL ACQUISITION AS A FUNCTION OF ITEM 


PROBABILITY AND SEQUENTIAL 
PROBABILITY ! 


JAMES F. VOSS 
University of Pittsburgh 


4- or 8-unit serial lists were presented in which item probability, defined 
as the probability ratio of 2 items which occurred at a particular serial 
position (Exp. I and II), and sequential probability, defined as the 
1st-order conditional probability of the items at adjacent serial positions 
(Exp. III), were manipulated. The latter variable involved variation 
in the probability of occurrence of adjacent associations, thereby provid- 
ing for study of the importance of adjacent associations in serial learning. 
The major results indicated: (a) as number of probabilistically varied 
serial positions increased, acquisition decreased; (b) number of proba- 
bilistic serial positions interacted with probability ratio; (c) sequential 
probability was significant for the 8-unit list, primarily at latter stages 
oflearning. The results were interpreted to indicate that serial learning 
consists of 4 processes: (a) immediate serial memory ; (b) item learning; 


(c) item placement; (d) learning of sequential associations. 


This paper presents the results of 
three experiments designed to investi- 
gate serial learning as a function of 
item probability and sequential proba- 
bility. Item probability (Exp. I and 
II) was defined by the probability 
ratio of two items associated with a 
particular serial position (SP); se- 
quential probability (Exp. III) was 
defined by the conditional probability 
of items at successive SP. 

The purpose of investigation of 
these variables was threefold. First, 
serial learning has involved list repeti- 
tion; these experiments involved ex- 
tension to lists in which the items at a 
specific SP varied probabilistically 
over trials. Second, investigators, 
€g. Ebenholtz (1963), have ques- 
tioned the importance of adjacent 
associations in serial learning; these 
experiments involved manipulation of 
the probability of occurrence of ad- 
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jacent associations. Third, investi- 
gators, e.g., Battig, Brown, and Schild 
(1964), have questioned whether ad- 
jacent association learning varies with 
stage of learning, list length, and SP 
these experiments involved study of 
the possible interactions of these 
variables with adjacent association 
learning. 


EXPERIMENT I 
Method 


Procedure.—A four-unit serial list, pre- 
ceded on each trial by the cue “X,” was pre- 
sented for 40 trials in each of five experimental 
conditions: Cond. 1: list repetition (standard 
serial learning). Cond. 2-3: at SP ! and 
SP 3, one of two items was presented on each 
trial. The probability ratio of the two items 
at SP 1 and the two items at SP 3 was ./5-25 
in Cond. 2 and .50-.50 in Cond. 3. Cond. 4-5: 
one of two items was presented on each trial 
atall four SPs. The probability ratio of the 
two items at each SP in Cond. 4 was .75— 
and in Cond. 5 was .50-.50. Thus, in addition 
to Cond. 1, the experiment consisted of a 2 x 
factorial design with number of probabilistic 
SP (N) and the probability ratio (P) of the 
two items at probabilistic SP constituting 
the two variables. The order of occurrence 
of the two items at a specific probabilistic S 
was random over the 40 trials. Table ! 
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TABLE 1 
DIAGRAM OF THE EXPERIMENTAL CONDITIONS OF Exp. 1 


Serial Position 
Cond. Item Probability 
Cue 1 | 2 3 | 4 
1 X E E, E E P(E) = P(E:) = P(Ey) = P(E) = 1.00. 
, Es PAN n = P(E;) = .15; P(E) = P(E':) = 25; 
Bu Es A 
BO Ne (NI) = PE) = 1.00. 
: PE) = P(E') = P(E) = P(E) = 50; 


Ey E: E; 
PEK 
4 XE or 
E Eh E^ 


Si Cond. 2 
ame as Con T T P(E) = PUR) = 1.00. 
E,—P(E) = P(E:) = P(Es) = P(E4) = .75; 


E'm P(E') = P(E') = P(E's) = P(E') = 25. 
P(E) = P(E') = P(E:) = P(E’) = 


5 S d. 
ame as Cond E= — —— jg) = P(E) = P(E) = P(E’) = .50. 


Note.—Ei, Es, Es, and Ey represent items at SP 1, SP 2, SP 3, and SP 4, respectively, ^i, E^, E'n and E's 
represent the second items at SP 1, SP 2, SP 3, and SP 4, respectively, when probabilistic variation occurred. 


presents a diagram of the five conditions with 
the probability ratios noted appropriately. 

Malerials.—The Cond. 1 list consisted of 
four adjectives. Two additional adjectives 
were employed at the probabilistic SP in Cond. 
2 and 3 and four additional adjectives were 
employed at the probabilistic SP in Cond. 
4 and 5. The adjectives were dissimilar 
and were matched for frequency of occurrence 
(1 to 8 words/1 million, Thorndike & Lorge, 
1944). The lists were presented via stripfilm 
ata 2-sec. rate with a 2-sec. intertrial interval 
before X. 

Subjects —The Ss were introductory psy- 
chology students. The N per condition was 
10 and the 50 Ss were assigned to Cond. 1-5 
by use of a table of random numbers. The 
instructions essentially were those of standard 
serial-learning experiments. 


Results 


Anticipations.—For probabilistic 
SP, a correct anticipation is defined as 
an anticipation of one of the two 
items assigned to that SP, regardless 
of which of the two items was pre- 


sented at that SP on that particular 
trial. 

The mean correct anticipations for 
Cond. 1-5 were 151.2, 140.0, 142.5, 
134.1, and 118.0, respectively. Con- 
dition 1 thus yielded the best perform- 
ance. An analysis oft;variance per- 
formed upon the data'of Cond. 2-5 
revealed that four probabilistic SPs 
yielded poorer performance than two 
such SPs, F (1, 36) = 13.41, p < .01. 
In addition, the significant N X P 
interaction, F (1, 36) = 5.01, p < .05, 
indicated that four probabilistic items 
yielded poorer performance for the 
.50—50 probability ratio than for the 
.15—25 ratio. The other significant 
sources of variation are SP, F (3, 108) 
= 15.10, p < .01, and the SP X N 
interaction, F (3,108) = 5.00, p « .01. 

SP.—The mean correct anticipa- 
tions at each SP for Cond. 1-5 are 
presented in Table 2. Condition 1 
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TABLE 2 
MEAN CORRECT ANTICIPATIONS AND RESPONSE PROBABILITY RATIOS FOR Conp, 1-5 
or Exp, I AND II ror EACH SERIAL Position 
Cond, 

SP 1 2 4 | 5 

M M | Rratio | M | Rratio | M Rratio | M | R ratio 

Exp. I 
1 38.1 36.6 71-.29 | 36.4 | .46-.54 37.2 .80-.20 35.6 | .52-48 
2 37.1 34.3 a 34.9 — 31.4 | .83—17 26.0 | .61—39 
3 37.8 33.6 71-23 | 35.1 -50-.50 | 31.3 | .76-.24 27.3 | .50-.50 
4 38.2 35.5 Si 36.1 — 34.2 | .75-.25 29.1 53-47 
Exp. II 

E 37.8 32.9 | .90-.10 | 29.3 | .52-.48 27.6 | .67-.33 24.7 | 48-52 
2 35.8 24.7 "T 29.3 -— 25.5 | .85-.15 15.0 | 46-54 
3 35.0 19.9 | .82—18 22.3 66-34 14.3 .90-.10 10.5 49-51 
4 33.7 17.9 bx. 17.0 — 18.5 | .89—.11 7.5 | .39-61 
5 342 17.6 | .86-.14 12.4 61-39 12.9 | 94-06 | 5.7 .10-.30 
6 35.1 16.0 = 17.1 = 19.1 ,83-.17 9.0 | .82-18 
7 35.0 21.7 | .86-.14 20.3 | .44-.56 173 | .78-.22 13.7 pa 
8 35.9 23.1 — 274 — 25.4 | .71-.29 17.2 26-7 


yielded a flat SP curve. Conditions 
2-5 yielded a bow-shaped curve with 
the significant SP X N interaction 
indicating that Cond. 4 and 5 yielded 
fewer correct anticipations than Cond. 
2 and 3, especially for SP 2, SP 3, and 
SP 4. 

Response probability.—For proba- 
bilistic SP, a correct anticipation 
consisted of anticipation of either of 
the two items assigned to that SP. 
The response-probability data refer 
to the ratio of correct anticipations 
of each of the two items of a par- 
ticular SP. 

"Table 2 presents the response ratios 
for each probabilistic SP. Conditions 
2 and 3 yielded response ratios rea- 
sonably approximating the stimulus 
ratios. Condition 4 yielded the great- 
est response ratio at SP 2 with 
response ratios approximating the 
stimulus ratio at SP 3 and SP 4, 
Condition 5 also yielded the greatest 
response ratio of SP 2, 

Omissions.—The mean omission fre- 
quency before the first correct antici- 
pation for Cond. 1-5 was 6.3, 10.2, 


11.4, 9.1, and 7.9, respectively. An 
analysis of variance of Cond. 2-5 
revealed that two probabilistic SP 
yielded significantly more ‘before 
omissions than four such SPs, F (1,36) ' 
— 464; p « .05. No other source of 
variation, including SP, is significant. 
However, it should be noted that the 
before omissions data of all conditions: 
showed either a flat line or slight linear 
increase over SP. 

The mean “after” omission fre- 
quency for Cond. 1-5 was 1.6, 1.1, 
4.3, 12.6, 28.6, respectively. Analysis 
of variance of Cond. 2-5 revealed the 
same sources of variation are sign? 
cant as those of the correct anticipa 
tion analysis (p < .01 in all cases): 
These results indicate that the correct 
anticipation differences are related to 
after omissions rather than before 
omissions. 


EXPERIMENT Il 
Method 


The conditions of Exp. II were identical 
to those of Exp. I except that the serial e 
was eight units and the number of ite 
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varied probabilistically (N) was 0, 4, or 8 
rather than 0, 2, or 4. The materials for 
SP 1-4 were the same as Exp. I. The 
materials for SP 5-8 were adjectives matched 
for frequency of occurrence with those of 
SP 1-4. 


Results 


Anticipations—The mean correct 
anticipations were 282.5, 173.8, 174.8, 
160.6, and 103.3 for Cond. 1-5, re- 
spectively. Condition 1 again yielded 
the best performance. An analysis of 
variance performed upon the data of 
Cond. 2-5 indicated that probabilistic 
variation at eight SP yielded poorer 
performance than such variation at 
four SP, F (1,36) = 5.66, p < .05. 
The .50-.50 ratio yielded poorer per- 
formance than the .75—25 ratio, 
F (1, 36) = 12.81, p < 01, and the 
significant JV X P interaction, F (1,36) 
= 6.07, p < .05, again indicates that 
variation of items at all SPs with the 
.50-.50 ratio yielded the poorest per- 
formance. The SP source of varia- 
tion is significant, F (7, 252) = 24.22, 
p < .01, but each interaction contain- 
ing SP is not significant. 

SP.—Table 2 presents mean correct 
anticipations for each SP for Cond. 
1-5. Condition 1 yielded a slightly 
bow-shaped curve. The analysis of 
variance indicates that Cond. 2-5 
yielded a significant bow-shaped 
curve, but the shape of the curve did 
not vary with N or P. 

Response probability.—Table 2 pre- 
sents the response ratio for each 
probabilistic SP. Condition 2 yielded 
response ratios considerably greater 
than the stimulus ratio. Condition 3 
yielded response ratios substantially 
greater than the .50—.50 stimulus ratio 
at SP 3, SP 5, and SP 7. Condition 4 
yielded the greatest differences of 
response ratio and stimulus ratio at 
the SP in the middle of the list. Con- 
dition 5 yielded the greatest response 
ratios at SP-4, SP 5, and SP 6. 
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Omissions—The mean before omis- 
sion frequency was 17.9, 49.9, 44.8, 
60.2, and 81.2 for Cond. 1—5, respec- 
tively. An analysis of variance re- 
vealed that eight probabilistic SP 
yielded significantly more before omis- 
sions than four such SP, F (1, 36) 
= 841, p < .01, and that the SP 
source of variation is significant, 
F (7, 252) = 4.92, p < .01. 

The mean after omission frequency 
was 12.6, 48.5, 56.4, 68.7, and 95.0 
for Cond. 1-5, respectively. An 
analysis of variance revealed the same 
significant sources of variation N, 
F (1,36) = 17.93, p < .01, and SP, 
F (7, 252) = 4.26, p < .01. In both 
the before and after omission analyses, 
the SP curve of all conditions was 
bow shaped. 

Experiments I and II demonstrated 
that performance decreased as the 
number of SP varied probabilistically 
increased. However, this effect may 
be attributed to two factors. First, 
probability variation at zero, one half, 
and all SPs correspondingly increased 
the number of items to be learned. 
Second, the conditional probability 
between adjacent associations varied 
with the number of probabilistic SP. 
For Cond. 1, the conditional proba- 
bility of adjacent items was always 
1.0. For Cond. 2-3, the conditional 
probability was 1.0 for one half of the 
SPs. For Cond. 4-5, the conditional 
probability of adjacent items was not 
controlled. Experiment III was de- 
signed to investigate the differential 
effects of item probability and the 
conditional probability of adjacent 
items. 


EXPERIMENT III 
Method 


Procedure.—A list of four or eight units 
was presented for 80 trials. The items at all 
SPs were varied probabilistically. Within 
each list length, six experimental conditions 
were employed; 1.00-1.00, .75-1.00, .50-1.00, 
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TABLE 3 
EXPERIMENTAL CONDITIONS OF Exp. III 
Specific Conditional Probabilities 
Exp. Prob. Cond. 
Cond. Ratio Prob. 
d (CP) [POR | Trials | PY | Triats | PO? t| Trials | PE) Trials 
1.00-1.00 | 1.00-0.00 | 1.00-0.00 | 1.00 80 0.00 0 0.00 0 1.00 0 
.15-1.00| .75- .25 | 1.00-0.00 | 1.00 60 0.00 0 0.00 0 1.00 20 
.50-1.00| .50— .50 | 1.00-0.00 | 1.00 | 40 | 0.00 0 | 0.00 0 | 1.00 | 40 
use IO | jor 29) 429.25 |. «; 19 |. 45 2192 ||, 15 25 15 .25 5 
:50-..75| .50- .50| .75- .25 15 30 25 10 25 10 15 30 
.50- .50| .50- .50| .50- .50| .50 20 50 20 .50 20 .50 20 


.15-.75, .50-.75, and .50-.50. The first 
number denotes the item probability (IP) or 
the probability ratio of the two items at each 
SP; the second number denotes the condi- 
tional probability (CP) of the itemsat any two 
successive SPs. Table 3 presents the specific 
probability ratios and conditional probability 
relations of the six conditions. E; and E'; 
represent the two items at a particular SP 
with E; the greater probability in the case 
1.00—00 and .75-.25 probability ratios. 
Ei; and E';,1 represent the two items of the 
following SP. The four possible conditional 
probability combinations of any two suc- 
cessive SPs are presented in Table 3 under 
Specific Conditional Probability. ^ These 
conditional probabilities occurred for all 
adjacent pairs of items in the particular list 
except, of course, X-SP 1. 

It should be noted that the 1.0-0.0 IP 
limits the CP to 1.0-0.0. The .75-.25 IP 
permits CP to range from .75-.25 to 1.0-0.0. 
The .50-.50 IP permits CP to range from 
.50-.50 to 1.0-0.0. An example of how the 
lists were constructed follows: With IP = .75 
and CP = .75, one item, E;, at a given SP 
occurred on 60 trials and the other item of that 
SP, E'; occurred on 20 trials. Similarly, 


at the following SP, one item, E;,1, occurred 
on 60 trials and one item, E';,1, on 20 trials. 
Thus, the four relations of successive items 
for CP =.75 are: E/E; for 45 trials, 
Ej4:/E'; for 15 trials, E’s41/E; for 15 trials, 
and E’;,:/E’; for 5 trials. The four types 
of trials were assigned randomly over the 80 
trials, maintaining the 45-15-15-5 frequencies, 
respectively. The number of trials of each 
of the four conditional probability relations 
in each condition is presented in Table 3. 

Materials.—The Exp. II adjectives were 
employed. For all conditions, the two 
adjectives of a particular SP were counter- 
balanced with respect to probability ratio, 
e.g., in the .75-.25 ratio, one adjective served 
as the .75 item and the second adjective served 
as the .25 item for one half of the Ss; for 
the other half, the two adjectives were 
reversed with respect to the .75 and .25 
probabilities. Other conditions were identical 
to those of Exp. II. 


Results 


Anticipation —Table 4 presents the 
mean correct anticipations for three 


TABLE 4 


MEAN CORRECT ANTICIPATIONS FOR EACH EXPERIMENTAL CONDITION 
FOR TrIALs 1-20, 1—40, AND 1-80 


Four-Unit List 


Eight-Unit List 


Exp. Cond. 
1-20 1-40 1-80 1-20 1-40 -80 
1.00-1.00 71.5 150.4 308.5 99.2 248.7 555.6 
1751.00 46.2 118.1 268.5 63.0 180.7 474.3 
.50-1.00 33.7 95.1 229.6 30.6 106.9 363.9 
.15- .15 40.6 103.1 246.0 30.0 97.7 299.7 
.50- .75 34.6 85.2 212.3 27.8 90.3 284.5 
.50- .50 31.7 86.0 213.0 29.5 91.1 273.3 
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degrees of learning (Trials 1-20, 1—40, 
and 1-80) of each experimental condi- 
tion. Separate analyses of variance 
were performed upon the 1-20, 1-40, 
and 1-80 trial data of the four-unit 
and eight-unit lists. The six condi- 
tions permitted the following analyses 
to be performed: (a) with IP constant 
at .50, the data were analyzed with 
respect to the effect of CP (.50, .75, or 
1.00), SP, and the CP X SP inter- 
action; (b) with IP constant at .75, 
CP(.75 or 1.00), SP, and CP X SP 
effects were obtained; (c) with CP 
constant at 1.00, IP (.50, .75, or 1.00), 
SP, and IP X SP effects were ob- 
tained; (d) with CP constant at .75, 
IP(.50 or .75), SP, and IP X SP ef- 
fects were obtained. Thus, these 
analyses provided for test of the effect 
of CP with IP constant, the effect of 
IP with CP constant, SP, the SP X IP 
and SP X CP interactions, and by 
analyzing the 1-20, 1-40, and 1-80 
trial data for the four-unit and eight- 
unit lists, certain relations of IP, CP, 
SP, stage of learning, and length of 
list also were ascertained. 

The results of the four-unit analyses 
may be summarized as follows: (a) SP 
is always significant; (6) with IP con- 
stant and CP varied, CP is not signifi- 
cant at any stage of learning; (c) with 
IP constant, SP does not interact with 
CP. In other words, for the four-unit 
list, CP is not significant nor does CP 
vary the shape of the SP curve. 
(d) With CP = 1.00, IP is significant 
at all stages of learning; with GP 
= .75, IP is not significant. Thus, IP 
is significant only when IP varies over 
.50, .75, and 1.00 and CP = 1.00. 
(e) With CP = 1.00, IP interacts 
significantly with SP, the data thus 
indicating less bowing when IP = 1.00 
than when IP = .50 or .75. In sum- 
mary, the analyses of four-unit data 
indicate that CP is not an important 
variable and that the IP of 1,00 
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produces more rapid learning than IP 
of .50 or .75 when CP = 1.00. 

The results of the eight-unit anal- 
yses may be summarized as follows: 
(a) SP is always significant; (b) with 
IP = .50, CP is significant only in the 
1-80 trial analysis and not in the 1-20 
or 1-40 trial analysis, thus indicating 
that CP is important only at the latter 
stages of learning. (c) With IP = .75, 
CP is significant at all stages of learn- 
ing. (d) SP interacts with CP only in 
the 1-40 and 1-80 trial data. This 
result shows that CP influences the 
shape of the SP curve only in the 
latter stages of learning. (e) With 
CP = 1.00, IP is significant; with 
CP =.75, IP is not significant. (f) IP 
interacts significantly with SP at 
latter stages of learning. Insummary, 
the eight-unit data indicate that CP 
tends to be an important variable, but 
only at latter stages of learning and 
IP again is an effective variable when 
CP = 1.00. 

SP.—Figures 1 and 2 present mean 
correct anticipations as a function of 
SP for the experimental conditions of 
the four-unit and eight-unit lists, re- 
spectively. The four-unit data in- 
dicate that Cond. 1.0-1.0 yielded a 
flat SP curve, whereas the SP curve 
for the other five conditions was bow 
shaped. The eight-unit data show 
greater differences in the SP curves 
than the four-unit curves. 


80 
J 70 
2 60 
5 50 
5 
= 40 
8 30 
2 20) 
210 
o 1 2 3 4 
SERIAL POSITION 
Fic. 1. Mean correct anticipations as a 


function of serial position with experimental 
condition (Exp. III, four-unit) as parameter, 
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SERIAL POSITION 


Fic, 2. Mean correct anticipations as a 
function of serial position with experimental 
condition (Exp. III, eight unit) as parameter. 


Response probability.—Table 5 pre- 
sents the response ratio for each SP 
of the experimental conditions. The 
bottom row of each list length presents 
the response ratios summed over SP. 
The four-unit and eight-unit data 
indicate: (a) for IP — .75, response 
ratios generally exceed the stimulus 
ratios, with the middle SP of the lists 
yielding the greatest response ratios in 
the eight-unit lists; (b) for IP — .50, 
variation of response ratio over SP 
was not systematic; (c) CP apparently 
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when IP — In summary, IP was 
a potent variable with respect to 
response ratio and CP apparently had 
only a small effect. 

CP.—Tables 6 and 7 present the 
conditional probability response ra- 
tios. The four measures of each cell 
represent the occurrence of the four 
possible response outcomes at a par- 
ticular SP, given the occurrence of one 
of the two items at the immediately 
preceding SP. SP 1 is not presented 
because “X” was the cue for all SP 1 
items. The two bottom rows for each 
list length represent the four response 
outcomes summed over SP. | 

The four-unit and eight-unit data 
indicate that: (a) with CP = 1.00, the : 
conditional probability response ratios 
were in general agreement with the 
conditional probability stimulus ra- 
tios; (b) with CP = .75 and IP = .75, 
there was a distinct tendency for the 
more frequent event at a particular 
SP to be followed by anticipation of 
the more frequent item at the next SP 
and for the less frequent item at à 


had a small effect upon response ratio particular SP to be followed by 
TABLE 5 
Response Ratio ror EACH SP or EACH EXPERIMENTAL CONDITION 
Experimental Condition 

SP 

«15-1.00 -50-1.00 45-35 .50-.75 50-50 

Exp. I 
1 12-28 53-47 .88—.12 42-,58 .50-.50 
2 19-21 -51—49 19-21 ‘59-41 -50-.50 
3 .18-.22 56-44 82-18 56-44 54-46 
4 11-23 :48-.52 13-27 48-52 48-.52 
5 .16-:24 .51—49 81-19 50-50 .50-.50 
Exp. I 

1 .68-.32 48-.52 .39—.61 449-.51 
2 19-21 158 42 43-57 .10-.30 
3 83-17 “51-49 43-.57 44-50 
4 81-19 55-45 .50-.50 60-40 
2 78.22 49-51 39-61 31-09 

:80—20 46-54 -40-.60 43-57 
1 .80-.20 53-47 3-57 46-54 

‘79-24 52-48 45-55 43-.57 
> ‘79-24 51-49 42-58 50-50 
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TABLE 6 


CONDITIONAL RESPONSE PROBABILITIES 


For Eacu SP or Each PROBABILISTIC 


Four-Unir EXPERIMENTAL CONDITION 


-75-1,00 .50-1.00. 15:25 .50-.75 .50-.50 
1.00 .00 1.00 . 5 15 45. .50 .. 

p [o0 100 [35 90] 28 as] 25 35 [30 so] 
Response Ratios 

2 1.00  .00 93 .04 84.63 82 38 45 .56 

‘00 100 | 07 96 16 137 48 162 35 44 

E 100 00 | 90 .06 86 167 74 dl JB 169 

0 100 | 10 94 a4 133 26 159 2 di 

4 100 -01 ‘98 103 ‘2 UAL 64 di 5 4l 

‘00 99 | 02 97 48 159 H6 .69 A 159 

i00 Q0 | 94 04 ‘84 156 "2 o3 A] 155 

z 40 100 | 06 .96 46 44 28 163 £53 45 
Note.—Each cell is: in NS LAURER 
sa[E) PA t/j 
Pave) Pavel 


where i and i + 1 denote successive SP, A denotes the 


prime denotes the larger proportion (.75) and prime tl 


anticipation of the less frequent item 
at the next SP; (c) with CP — .75 
and IP = .50, response probability 
performance occurred below the cor- 
responding stimulus conditional prob- 
abilities, thereby indicating that when 
two items occurred equally often at 
a given SP (IP = .50), conditional 
probability effects diminished com- 
pared to the IP ratio of 15-25. 
Omissions.—Figure 3 presents the 
mean before and after omission fre- 
quency as a function of SP for the 


Mean Omissions Before & 
After 15! correct. antic. 


Position 


Serial 


Mean omissions before (B) and 
after (A) the first correct response as à 
function of serial position with experimental 
condition (Exp. III, four unit) as parameter. 


FFs. 3. 


response proportion and E the stimulus ratio, and the non- 


he smaller proportion (.25) on each of the two .50 probabilities. 


four-unit condition. Of note is the 
finding that omissions before yielded 
a linear function over SP for each con- 
dition in the four-unit case, whereas 
the omissions after of the four-unit 
case and eight-unit before and after 
omission data (not presented) yielded 
bow-shaped curves. The analyses of 
the before and after omission may be 
summarized as follows: (a) for the 
four-unit data, IP and CP both yield 
particular significant effects in the 
before analyses and IP only is signifi- 
cant in the after omission analyses ; 
(b) for the eight-unit data, IP and CP 
both yield particular significant effects 
in the before and after analyses. 
Intrusions —The four-unit intru- 
sion data yielded a bow-shaped curve 
for all experimental conditions except 
Cond. 1.0-1.0 where there only were 
four intrusions. The maximal intru- 
sion frequency was invariably at SP 2 
where the intrusions were predomi- 
nantly from SP 3 and SP 4. The 
eight-unit list yielded a bow-shaped 
intrusion effect with intrusions pre- 
dominantly from the latter SP of the 


list yielding intrusions into earlier SP. 
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TABLE 7 
CONDITIONAL RESPONSE PROBABILITIES FOR EACH SP or EACH PROBABILISTIC 
EIGHT-UNIT EXPERIMENTAL CONDITION 

75-1.00 -50-1.00. 15-25 -50-.75 -50-.50 

1 Us. 77S .25 550 .50; 

As [^06 1:00] [*:00 1:00. 33 38 [55 35 ['30 ‘30 

Response Ratios 

1.00 .02 97 10 .79 .86 .56 .31 .68 .71 
4 .00 .98 .03 .90 224 .14 44° 69 32 .29 
3 1.00 .00 94 .23 67 .70 a7) 333 28 04 
.00 1.00 06 .77 33 .30 43.67 17.36 
4 1.00.00 91 16 .96 AT .83 .20 -72 48 
.00 1.00 .09 .84 404 .53 47 .80 28 .52 
5 1.00 .00 91 .08 93 43 59 .18 33 .29 
.00 1.00 .09 .92 07 .57 A .82 67.71 
6 1.00 .00 86 .10 , .89 .95 46 34 .38 47 
-00 1.00 .44 .90 A1 .05 54 .66 .62 53 
7 1.00.00 .96 .03 95 .67 56 .29 43 49 
.00 1.00 04 97 .05 .33 44° UH .57 51 
8 1.00 .00 9T. -..12 .80 .39 .68 .23 .64 .25 
00 1.00 .03 .88 .20 .61 20.41 .36 .75 
z 1.00 .00 .96 .05 .86 .62 .60 .27 .52 48 
.00 1.00 .04 .95 44 .38 40 .73 48 .52 

Note.—Each cell is; PAGE Peas) 
PaE) Pane] 


where i and 7 


1 denote successive SP, A denotes the 
prime denotes 


Discussion 


The most coherent interpretation of 
the results of Exp. I, II, and III is that 
serial learning consists of four processes. 
This discussion relates the findings to the 
hypothesized processes. 

Process 1.—The first process is termed 
immediate serial memory (ISM) and 
states that Ss simultaneously learn the 
items and their respective SP (Waugh, 
1960) in the serial order of SP 1 to SP 4. 
The data support this process in that the 
standard four-units lists of Exp. I and 
III yielded flat before omission curves, 
thus implying that there was little 
difficulty in remembering four items in 
their serial order. For the remaining 
four-unit conditions, a greater slope over 
SP may be attributed to the difficulty of 
learning two items at each SP. (Brogden 
& Schmidt, 1954). Finally, the signifi- 
cant IP and CP effects found in the 
four-unit before omission data suggest 
that ISM performance improves with 
more frequently presented items (IP 


mse proportion and E the stimulus ratio, and the non- 


res] nt 
de larger proportion (.75) and prime the Bonn: proportion (.25) on each of the two .50 probabilities, 


effects) and a more constant sequence of 
items (CP effects). 

For the eight-unit condition, however, 
the before omission data yielded a 
slightly bowed SP curve in the standard 
conditions and greater bowing in the 
probabilistic conditions. Thus, with the 
memory-span limit at approximately 
seven items (Miller, 1956), the ISM 
process apparently breaks down in 2 
eight-unit conditions, and especially in 
the eight-unit probabilistic conditions 
where more items must be learned. The 
breakdown of the ISM process in the 
eight-unit conditions likely produces two 
effects. First, Ss learn items only at 
early SP by the ISM process. Second, 
Ss effectively separate the ISM process 
into the learning of items and the. place- 
ment of the items at their proper SP. . 

Process 2—The second process !$ 
termed item learning (IL), The IP data 
indicate that the more frequently an 
item is presented, the more likely it E 
to be learned. Similarly, probabilistic 
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variation of one half of the SPs yielded 
more rapid learning of the items than 
such variation at all SPs. However, since 
the items learned are not necessarily 
given as correct responses, they may be 
termed "free floating,” i.e., they are not 
strongly associated to either SP or other 
items. 

The notion of free-floating items is 
analogous to the response-learning stage 
of Underwood and Schulz (1960). The 
major difference, however, is that in 
paired-associate learning, the would-be 
stimulus (Underwood, 1963) and re- 
sponse are paired; in the serial task, the 
stimulus to be used as a cue to evoke 
the learned item must be derived by S. 

Process 3.—The third process, termed 
serial item placement (SIP), involves 
the attempt to place the learned items 
at the correct SP. Two aspects of the 
data may be related to the SIP process: 
first, the intrusion data suggest that a 
knowledge of general location is devel- 
oped for items in the middle and latter 
SP, but the items often are not given 
at the appropriate SP; second, the data 
indicate that item learning occurred in 
early trials and sequential learning oc- 
curred in later trials, thereby suggesting 
an intervening stage where Ss attempted 
to place the items correctly. The present 
data do not provide, however, à specific 
identification of what stimuli Ss may be 
employing in the SIP process. N 

Process 4.—The fourth process 1S 
sequential learning (SL) and involves 
the classical notion of the association of 
adjacent items. The data present clear 
evidence that SL is not an important 
process in four-unit list performance, but 
is important in eight-unit list perform- 
ance. In particular, the eight-unit 
analyses clearly indicate that CP is a 
significant variable, primarily at the 
latter stages of learning. In addition, 
Tables 6 and 7 data show that Ss 
responded with the more frequent items 
following the more frequent items an! 
less frequent items following the less 
frequént items. This finding suggests an 
interaction of IP and CP. In particular, 
IP values of 1.0 to .50-.50 indicate that 
the more frequent items are learne 
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more rapidly and, the items that are 
learned more rapidly also are more likely 
associated to each other. Furthermore, 
as the more frequent items are presented 
and adjacent items occur more fre- 
quently, e.g., CP = 1.00, the tendency 
to associate the items likely increases. 
However, when items are presented less 
frequently, e.g., IP = .50, the items are 
learned more slowly and adjacent asso- 
ciations are developed slowly, regardless 
of the CP value. 

In summary, the data suggest the 
following mechanisms of serial learning. 
First, Ss attempt to memorize a list in 
its serial order (ISM). However, this 
process is successful only for shorter lists 
of fewer items. Therefore, this process 
evolves into differentiation of item learn- 
ing (IL) and the placement (SIP) of the 
items at the proper SP. Finally, se- 
quential associations (SL) are produced. 
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SHORT-TERM MEMORY FOR MOTOR RESPONSES ! 
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2 experiments were conducted on short-term memory for simple linear, 
graded motor responses, with length of retention interval and number 
of practice repetitions or reinforcements as basic variables. The spread 
of retention intervals was from 5 to 120 sec. for both experiments, and 
number of reinforcements as 1, 3, and 6 in Experiment I and 1, 6, and 
15 in Experiment II, Absolute error was the primary performance 
measure. Both experiments found error to be an increasing function 
of retention interval. Number of reinforcements was a significant 
variable only for the wider range of values in Experiment II, with error 
being a decreasing function of the variable. Results were considered 
parallel to those of corresponding studies on short-term memory for 


verbal responses. 


Interpretation was in terms of a rapidly decaying 


memory trace that becomes increasingly stable with reinforcement. 


The research on short-term memory 
(STM) where retention time is meas- 
ured in seconds has emphasized verbal 
behavior, and an unexplored issue is 
whether the empirical laws that are 
emerging will also hold for other re- 
sponse classes. An important econ- 
omy of scientific description is gained 
if they do. If they do not there will 
be cause to weigh the necessity of more 
than one STM system, each with 
different properties. The experiments 
reported here ask if the short-term 
retention of simple motor responses 
obeys two prominent generalizations 
for the forgetting of verbal responses 
in STM (e.g., Hellyer, 1962; Melton, 
1963; Peterson & Peterson, 1959): 
(a) accuracy of recall decreases rapidly 
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AF-AFOSR-135-63 from the Air Force Office 
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Illinois, and was under the direction of the 
first author while he was on leave to the Free 
University, Amsterdam. The second author 
was responsible for data collection and 
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Fokkema, Director, Psychological Research 
Laboratory, Free University, for his generous 
administrative and technical assistance, and 
P. van Rees, Verbindings School Koninklijke 
Marine, Amsterdam, for providing Ss used 
in Exp. II. 


as a function of time measured in 
seconds, and (b) accuracy of recall is 
positively related to number of prac- 
tice repetitions or reinforcements. 


EXPERIMENT I 
Method 


Apparatus and experimental procedure.—A. 
simple linear motor response was used. The 
apparatus was a metal bar that was 75 cm. 
long and scaled in millimeters, and on which 
there were two freely moving sliding elements. 
One slide had a set screw which E used to lock 
the slide in place for defining the length of a 
response required of S on a trial. The other 
slide had a knob on top for fingertip grasping 
and was used by S in responding. The 
apparatus was fixed to a table top at right 
angles to S (for a right-left movement), 
with S sitting on one side of the table and E 
on the other. To insure that S's responding 
was based on motor and not a combination 
of motor and visual cues, an opaque curtain 
hung on S's side of the table and, with elbow 
resting on the table top, S reached through 
the curtain and responded by moving his 
slide with the right hand. The apparatus 
was built for ease of responding with the 
right hand, and only right-handed Ss were 
used. 

A trial was the reinforcing and recall of a 
response of given length defined by E. At 
the start of a trial E locked his slide in a 
position that defined the distance S had to 
move. At the instruction “Move,” S moved 
his slide from the starting position on the 
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right to the fixed stopping position defined 
by E'sslide. After S held his slide there for 
3 sec., E instructed him to return it to the 
starting position by saying “Return” (Bos- 
well and Bilodeau [1964] have shown that 
allowing S to zero his own control in simple 
motor retention studies has no effect on 
recall). This sequence of events defined the 
correct response for S and was the definition 
of a reinforcement in the task. Repetition 
of the reinforcement sequence occurred at 3- 
sec. intervals if S was in a multiple rein- 
forcement condition. Reinforcement as we 
defined it is analogous to empirical reinforce- 
ment procedures in studies of verbal STM 
where E presents, say, a nonsense syllable 
or a word and S must verbalize it correctly 
one or more times before the retention inter- 
val and recall (Hellyer, 1962; Peterson & 
Peterson, 1959). In the same fashion we 
required S to perform the correct response 
one or more times before the retention inter- 
val and recall. 

When S returned his slide to the starting 
position after the final reinforcement se- 
quence E began timing the retention interval 
with a stopwatch. The S's hand remained 
on his slide throughout the retention interval 
and he sat quietly and without conversation 
with E. During the retention interval E 
undid the set screw and moved his slide well 
out of the way so that S's recall could be 
unrestricted and free to take any value. 
At the end of the retention interval E said 
“Estimate” and S then recalled the length of 
movement that was practiced in the rein- 
forcement sequence. Error was measured in 
millimeters, and was negative in sign if the 
recalled response was shorter than the re- 
quired movement and positive if it was 
longer. Instructions deemphasized speed and 
stressed that movements should be deliberate 
and accurate. 

Return of S’s slide to the starting position 
after recall defined the end of a trial. Intertrial 
interval was 3 min. If the trace theory for 
STM (Brown, 1958) has credence and short- 
term recall is based on the residual of a 
memory trace that decays in time, then it is 
good control to have a considerable interval 
between trials to allow appreciable trace 
decay so that trace interaction is minimized 
from trial to trial. There was no way of 
knowing whether 3 min. was an adequate 
control but, if the properties of STM for 
motor responses have much in common at 
all with those of STM for verbal responses, 
then 3 min. should be sufficient because the 
probability of verbal recall for simple mate- 
rials like nonsense syllables approaches zero 
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in less than 30 sec. (Murdock, 1961; Peterson 
& Peterson, 1959) signifying, within trace 
theory, almost complete decay of the trace. 

Experimental design.—All Ss had the same 
three familiarization trials with response 
lengths of 32, 24, and 8 cm. paired with 
retention intervals of 7, 100, and 30 sec., 
respectively, with the same number of rein- 
forcements for a particular S that would be 
administered to him in the subsequent cri- 
terion trials. Each S was then given seven 
criterion trials, and a response of a different 
length was reinforced and recalled on each 
trial Moreover, each response length had 
associated with it one of seven retention 
intervals, so each of the seven different 
response lengths on the seven trials had a 
different retention interval assigned to it. 
The seven response lengths were 10, 14, 18, 
22, 26, 30, and 34 cm. The seven retention 
intervals were 5, 10, 15, 20, 50, 80, and 120 
sec. Each S received the same number of 
reinforcements for all his responses, which 
was either 1, 3, or 6 depending upon the 
experimental condition. ‘Thus, trials, re- 
sponse length, and retention interval were 
within-Ss variables, and number of rein- 
forcements was a between-Ss variable. 

The experimental design was Winer's Plan 
13 (Winer, 1962, pp. 574—576), and used three 
identical 7 X 7 Graeco-Latin squares, where 
the square was formed by choosing two 
orthogonal 7 X 7 Latin squares at random 
from Fisher and Yates (1953). Each of the 
three Graeco-Latin squares was randomly 
assigned one of the three levels of the rein- 
forcement variable, with 14 Ss to a square. 
The seven response lengths and retention 
intervals were randomly assigned to the 
Greek and Latin letters of the square. The 
columns of the square were seven trials and 
the rows were seven subgroups of two ran- 
domly assigned Ss each which meant that 
any particular pair of Ss in a subgroup had 
the same sequence of response lengths and 
retention intervals on the seven trials. The 
logic of the square resulted in each response 
length and each retention interval appearing 
once in each of the seven trial positions. 

Subjects —The Ss were 42 men and women 
who were enrolled in an introductory course 
in psychology at the Free University, Am- 
sterdam. There were 19 women and 23 men. 
They were randomly assigned to the three 
reinforcement conditions. 


Results 


Table 1 presents the results for 
Exp. I in terms of absolute error. 
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TABLE 1 


MEAN ABSOLUTE ERROR 1N MILLIMETERS AT EACH RETENTION INTERVAL 
FOR THE THREE GROUPS OF Ex». I 


Retention Interval (sec.) 


Group Grand M 
5 10 15 20 50 80 120 
1 Reinforcement 18.9 16.3 19.6 22.9 29.8 24.7 31.0 23.3 
3 Reinforcements | 14.8 21.0 18.6 13.6 19.4 26.4 23.9 19.7 
6 Reinforcements | 14.6 9.6 16.6 12.5 15.3 24.9 26.6 17.2 
Grand Mean 16.1 15.6 18.3 16.3 21.5 25.3 27.2 


There are trends of increasing error 
with increases in length of the reten- 
tion interval and decreasing error 
as number of reinforcements in- 
crease, which is consistent with 
findings for verbal responses. Anal- 
ysis of variance for the data on which 
the means of Table 1 are based gave 
F (6, 126) — 4.29 for retention inter- 
val, which was significant at less than 
the .001 level. All other main effects 
and all interaction terms failed sig- 
nificance at the .05 risk level. 
Absolute error is a measure of 
deviation from perfect responding, 
and its commonplace use in studies 
of motor skills represents a concern 
with understanding the determinants 
of accuracy. Changes in absolute 
error can arise from changes in con- 
stant error, or variability, or both. 


TABLE 2 


MEANS AND VARIANCES OF ALGEBRAIC ERROR 
IN MILLIMETERS AT Two RETENTION 
INTERVALS FOR EACH OF THE 
THREE GROUPS IN Exp, I 


Group M Variance 

1 Reinforcement 
5 sec. —14 537.8 
120 sec. —12.4 1210.8 

3 Reinforcements 
sec. —9.6 197.9 
120 sec. —12.6 825.0 

6 Reinforcements 
sec. +6.3 331.2 
120 sec. —16.6 640.9 


Table 2 gives the means and vari- 
ances for algebraic error at the two 
extreme retention intervals to help 
interpret the trends of absolute error 
shown in Table 1. It can be seen 
that with increasing retention time 
algebraic error becomes increasingly 
negative (undershooting) and its vari- 
ance increases. 


EXPERIMENT II 


Experiment I demonstrated that 
motor responses show rapid forgetting 
in STM just as verbal responses, but 
the failure of number of reinforce- 
ments to be a statistically significant 
variable suggested two modifications 
of Exp. I for embodiment in Exp. II. 
First, the range of number of rein- 
forcements could be increased. The 
values of 1, 3, and 6 were chosen with 
an eye to verbal STM studies because 
these were the primary data available 
for guidance, but there is no necessity 
for the same values of a variable to 
hold for motor responses also even 
though reinforcement might have the 
same general effect on the two 
response classes. Second, number of 
reinforcements was a between-Ss vari- 
able where large error variance was 
found in Exp. I. Test of the null 
hypothesis for means of the rein- 
forcement conditions would show 
increased sensitivity with a larger 
number of Ss. 
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Method. 


The design of Exp. II was the same as 
Exp. I except that the three reinforcement 
conditions were changed to 1, 6, and 15, 
and number of Ss was increased to 105, with 
5 Ss in each subgroup. Because of unavaila- 
bility of Ss from the university subject pool, 
a sample was drawn from the Dutch military 
population. They were male trainees of a 
Marine communications school with an 
average age of 19 yr. 


Results 


Figure 1 shows the primary findings 
for Exp. II in terms of absolute error, 
and it is evident that the changes 
introduced for Exp. II clearly sta- 
bilized and separated the motor- 
retention functions along the lines 
of those found for short-term retention 
of verbal responses. Analysis of vari- 
ance of the absolute error measures 
verified the evident trends of Fig. 1 
by showing both retention interval 
and number of reinforcements sig- 
nificant at less than the .001 level. 
For retention interval F (6, 504) 
= 23.9, and for reinforcements F 
(2, 84) = 31.8. Examination of mean 
absolute error as a function of response 
length for both experiments revealed 
a positive covariation, which is a 
reasonable expectation, but response 
length was only significant here in 


Exp. II with F (6, 504) = 6.0, 
s 1 Reinforcement 
E 26 
© 22 
& 
(ns n 15 Reint. 
3 14 
3 10 
3 
2 6 
o == L 1 1 _1— 
o 20 40 60 80 100 120 


RETENTION INTERVAL, Sec. 


Fic. 1. Performance curves for the three 
reinforcement conditions as a function 
of retention interval. (Exp. IL.) 


TABLE 3 
MEANS AND VARIANCES OF ALGEBRAIC ERROR 
IN MILLIMETERS AT Two RETENTION 
INTERVALS FOR EACH OF THE 
Turee GROUPS IN Exp. II 


Group M Variance 
1 Reinforcement 
5 sec. —7.8 198.0 
120 sec. —16.5 823.7 
6 Reinforcements 
5 sec. —2.1 120.9 
120 sec. —8.3 702.9 
15 Reinforcements 
5 sec. Fr 59.2 
120 sec. —9.1 193.1 


p «.001. The trials main effect and 
all interaction terms failed significance 
at the .05 level. 

Table 3 shows the means and 
variances for algebraic error and, as 
with Exp. I, algebraic error was 
increasingly negative and variance 
increased with increase in retention 
time. 


DISCUSSION AND CONCLUSIONS 


The results of the two experiments are 
in good agreement with the findings for 
verbal STM. Accuracy of short-term 
motor recall is a decreasing function of 
time measured in seconds and is a posi- 
tive function of number of reinforcements 
when their range is sufficiently large as in 
Exp. II. And the negatively accelerated 
retention curves are approximately the 
same form as for verbal responses except, 
of course, being opposite in slope because 
error and not probability of correct recall 
was the measure. These data offer sup- 
port for the view that verbal and motor 
STM follow the same general laws, but 
is it possible this conformity of verbal 
and motor behavior is because we used 
a motor task with a substantial verbal 
component in the response complex? 
We know that implicit verbal responses 
can be beneficial for motor behavior 
under certain task conditions (e.g., 
Arnoult, 1957; Goss, 1955; McAllister, 
1953), and an S of our studies could have 
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used a covert verbal label to help define 
the motor response and then made 
motor error at recall because forgetting 
processes caused the verbal label to be 
wrongly recalled. This kind of implicit 
verbal behavior is a reasonable expecta- 
tion for adults but we are convinced of 
the motor dominance of our task for 
two reasons. First, response length was 
counterbalanced with respect to all 
retention intervals so verbal labeling 
would have had to be present for virtu- 
ally all response lengths at all retention 
intervals if its forgetting produced our 
retention curves. This seems unlikely 
because discriminating, accurate labels 
would have been required for continuous, 
graded responses whose successive differ- 
ences were only 4 cm. Secondly, the 
verbally unfilled retention interval was a 
rich opportunity to rehearse the verbal 
label and strengthen it against forgetting 
processes (Brown, 1958; Sanders, 1961). 
Error should then have been a decreasing 
function of retention interval, but just 
the opposite trend was found. 

Our findings are consistent with the 
hypothesis of a decaying memory trace 
(Brown, 1958; Hebb, 1961; Melton, 
1963) that becomes increasingly stable 
with reinforcement. In Hebb's termin- 
ology (Hebb, 1961, p. 41), an unstable 
“activity trace" becomes a more stable 
"structural trace" with reinforcement or, 
in nonphysiological terms, the trace 
moves from short-term to long-term 
memory. Our present understanding of 
motor interference makes it unlikely that 
prior motor events acting proactively on 
the to-be-remembered response, or simple 
waiting behavior in the retention interval 
acting retroactively, would have the ef- 
fects needed to give the interference 
theory of forgetting explanatory status 


for our data. This interpretation is: 


offered cautiously, however. The mount- 
ing evidence for interference as the ex- 
planation of short-term verbal forgetting 
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urges that we give full test of this view 
in the motor domain, although it is cer- 
tainly hard to see any sources of inter- 
ference for our simple motor responses. 
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SERIAL POSITION AS A CUE IN LEARNING: THE EFFECT OF TEST RATE? 


SLATER 


E. NEWMAN 


University of North Carolina at Raleigh 


When paired associates were presented on test trials in the same order 


performance 
A 


as on pairing trials, 
learning of the pairs was not. 
to have facilitated performance 
pairs. 


Newman and Saltz (1962) have reported 
that presentation of paired associates in the 
same serial order on five consecutive pairing 
trials led to more correct responses on an 
immediately subsequent test than random 
presentation of the pairs. It made no differ- 
ence for the Serial groups whether the order 
on the test was the same as (SS-group) or 
different from (SD-group) the pairing order. 
This equivalence was explained as being due 
to the slow (10 sec.) test rate, implying that 
the magnitude of the SS-SD difference is 
directly related to test rate. This explanation 
is based on the assumption that the tendency 
for serial position to serve as a cue on the test 
is inversely related to test rate under the SD 
condition, whereas under the SS condition 
serial position serves as a cue regardless of 
test rate. 

Martin and -Saltz (1963) obtained data 
that did not support this explanation. They 
used stimulus terms of medium association 
value, with low interterm similarity. Since 
this may have reduced the likelihood that 
serial position would serve as a cue, the 
present experiment used the highly similar 
S terms of low association value, employed 
by Newman and Saltz (1962). 

Method.—The Ss were 180 undergraduate 
men at the University of North Carolina at 
Raleigh. A balanced Latin square was used 
to assign 10 Ss to each treatment. 

A 3X3X2 factorial design was used. 
The factors were Presentation Order (SS, SD, 
or Random), Test Rate (2, 6, or 10 sec.) and 
List Order (Aor B). The SS, SD, and Random 
treatments, and List Orders A and B were the 
same as those used by Newman and Saltz 
(1962). 
rt No. 11 prepared under 
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Government. 


during training was facilitated, but 
decrease in test rate also was found 


during training but not learning of the 


Newman and Saltz's (1962) materials were 
used. The rate on all pairing trials was 2 sec. 
On each test, the rate was 2 sec. for one third 
of the Ss, 6 sec. for another one third, and 10 
sec. for the remainder. Each group was ex- 
posed three consecutive times to its particular 
series of five pairing trials and a test. The 
interval between pairing trials was 4 sec.; 
between a pairing trial and a succeeding test, 
approximately 35 sec.; and between a test 
and a succeeding pairing trial, 4 sec. Test 
instructions were read aloud by E prior to 
each of the three tests. 

After the third test, S was tested twice 
more. Test 4 was ata 2-sec. rate. The order 
on this test was the same for all Ss, but 
different from any used in previous pairing 
trials or tests. On Test 5, Ss were given 45 
sec, to call out all of the response terms they 
could remember. 

Results.—For Tests 1, 2, and 3a repeated- 
measurements analysis of variance for number 
correct during training gave the following 
significant Fs (p < .01); Presentation Order 
(2, 162) = 9.52, Test Rate (2, 162) = 13.49, 
Trials (2, 324) = 231.54, Presentation Order 
X Trials (4, 324) = 5.53, and Test Rate 
X Trials (4, 324) 10.72. None of the other 
Fs were significant (p > .05). ‘The means for 
each test are in Table 1. 

Duncan's tests revealed that the SS mean 
exceeded (p <.01) the Random and SD 
means. Although there were no significant 
differences on Test 1 (p > .05), on Test 2, SS 
exceeded Random and SD (p < .01), while 
on Test 3, SS exceeded Random (p < .01) 
which exceeded SD (5 « .01). 

Duncan's tests indicated also that the 10- 
sec. mean exceeded (p «.05) the 6-sec. 
mean, and that both exceeded (p < .01) the 
2.sec. mean. On Test 1, the 10-sec. mean 
exceeded (p < .05) the 2-sec. mean, whereas 
on both Tests 2 and 3, the 10-sec. mean 
exceeded (p <.01) the 6-sec. mean, which 
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TABLE 1 
MEAN Correct RESPONSES ON EACH TEST 


Test 5b, 
Group* | Test 1} Test 2 | Test 3 | Test 4) Guan 
ecall) 


SS-24 2.20 | 3.95 | 4.50 3.00 8.00 
SS-6 2.25 | 4.70 | 6.10 3.45 8.35 
SS-10] 2.60 | 5.15 | 7.40 3.40 8.55 
SD-2 1.25 | 2.00 | 2.10 | 2.85 7.5 
SD-6 2.30 | 3,35 | 4.40 | 3.15 7.45 
SD-10 2.10 | 3.85 | 5.65 3.80 8.50 
Random-2 | 2.00 | 2.95 | 4.00 3.65 7.35 
Random-6 | 1.50 | 3.20 | 5.35 3.10 7.50 
Random-10| 2.50 | 4.30 | 5.65 3.30 8.05 


«The data for Orders A and B for each list have 

poen compiped: Thus N = 20 for each group on Tests 
, 2, and 3. 

b Based on the data for Ss for whom Test 4 was 
valid. The N in each group (reading from top to 
bottom) was 17, 16, 17, 15, 14, 15, 16, 17, 12. 

e Significant Fs for Presentation Order (p < .05) 
and Test Rate; Significant /'s for SS-SD g «.05), 
SS-Random (p < .01), 10 sec.-6 sec. (p < .05) and 10 
sec.-2 sec. (p < .01). 


exceeded (p <.01) the 2-sec. mean. Data 
for Test 4 were analyzed for only 139 of the 
180 Ss. Data from the others were not 
analyzed either because they misinterpreted 
the instructions for Test 4, or because the 
equipment did not operate properly on that 
test. Since an analysis of variance of Test 3 
data indicated that in each group those for 
whom Test 4 was valid did not differ on Test 3 
from those for whom it was not, an analysis 
of variance of unweighted means for correct 
responses on Test 4 was done for those for 
whom Test 4 was valid. No Fs were signifi- 
cant (p > .05). Rank-order correlations were 
done for the 139 Ss between the order in 
which S gave the R terms on Test 5, and pair- 
ing and test orders. The number of significant 
(p < .05) positive correlations was: SS, 20; 
Random (test order), 0; SD (pairing order), 
14; SD (test order), 1. (The correlation 
between pairing order and test order in the 
SD group was 4-.333.) 

Discussion.—The size of the difference 
between the SS and SD groups was not 
directly related to test rate. On Test 1 there 
were no significant differences between the 
SS and SD groups at any of the test rates. 
This accords with Martin and Saltz (1963) 
and Newman and Saltz (1962). On Tests 
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2 and 3 the SS mean exceeded the SD mean, 
but again this was independent of test rate. 

On Test 5 many of the SS group gave the 
R terms in an order like that in which those 
terms appeared during training. That this 
was due mainly to pairing order is suggested 
by a much greater tendency (in the SD 
condition) for the order during R-term recall 
to accord with pairing than with test order. 

The order of the R terms in recall for the 
SS group combined with the sharp drop for 
this group on Test 4 suggest that these Ss 
may have been learning the order of the R ` 
terms. Data from Martin and Saltz support 
this interpretation. Evidence that associa- 
tions for some of the pairs may have involved 
all or part of the trigrams is provided by a 
better-than-chance performance of the SS 
group on Test 4 (M = 3.36). 

On Test 1, contrary to Newman and Saltz 
but in accord with Martin.and Saltz, the 
Random mean was the same as the SS and 
SD means. On Test 2 the Random and SD 
means were equivalent though both were 
lower than SS, whereas Martin and Saltz 
found the means of all three groups to be 
equal. 

On Test 3 the Random mean, although 
lower than SS was significantly higher than 
SD. On Test 4 all three means were equal, 
just as on Test 1. These differences between 
SS and Random mean§ on Tests 2 and 3 and 
their disappearance on Test 4 suggest that 
when items are presented on tests in the same 
order as on prior pairing trials, performance 
during paired-associate training is facilitated 
(perhaps because the list of R terms is learned 
serially under these conditions) but learning 
of the pairs is not. 

There were more correct responses during 
training at slow than at fast rates. On Test 4, 
however, when the rate was 2 sec. for all Ss, 
there were no differences. This suggests that 
test rate also affected performance, although 
not learning of the pairs. 
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Sold stale 
electronics 
used fo be 


Then along came DigiBits—digital logic elements 


DigiBit systems for programming, re- 
cording and analyzing data have been 
debunking solid state myths for more 
than four years. Psychologists, physi- 
ologists, toxicologists, researchers ina 
wide variety of disciplines, have helped 
dispel the mystery themselves through 
professional application of DigiBit sys- 
tems. As applications grow, the old 
myths pale and disappear; replaced 
with expanded horizons in experimental 
parameters. Researchers dig deeper, 
obtain more accurate resolutions and 
let them perform experiments hereto- 
fore impractical, (or impossible) due to 
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the physical restrictions of electro- 
mechanical equipment. 


There's an easy and conclusive Way 
for you to make your own evaluation. 
BRS will conduct a three day introduc- 
tory course for you and your colleagues 
on the principles and uses of DigiBit 
solid state systems. The course can be 
given at your location or at BRS head- ^i 
quarters in Beltsville, Md. For complete 
details address your inquiry to the BRS 
Technical Training Director. There is no 
obligation for the course but scheduling 
does require adequate advance notice. 
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TWO CHANNEL TACHISTOSCOPE 


A BREAKTHROUGH IN DESIGN FROM SCIENTIFIC PROTO- 
TYPE—THE FIRST ENTIRELY SOLID STATE TACHISTOSCOPE. 
NO VACUUM TUBES, MOVING PARTS OR GERMANIUM SEMI- 
CONDUCTORS. 


The new 800E Two Channel Tachistoscope employs silicon semi-conductors exclusively for max- 
imum reliability and negligible thermal drift. Ri ted logic and lamp current reference power supplies 
keep time intervals and lamp brightness independent of line voltage. 


The 800E was designed specifically to meet the need for a unit with the accuracy, reliability and 

formance of the famous three channel GB research tachistoscope in a two channel form at a far 
lower price. This tachistoscope is designed specifically for student use and operates with great 
simplicity, without any patch wires, connecting cables, etc. A "Laboratory Manual in Vision" is 
provided with the 800E to enable a student to investigate many basic effects in visual eese ad with 
a minimum of concern about equipment. .Some of the areas of investigation include Area-Time relation- 
ships AES and Pieper's laws), Intensity-Time relationships (Bloch's and Pieron's laws), Dark and 
Light Adaption, Relative and Absolute Brightness Thresholds, Visual Acuity, Broca-Sultzer Phenomenon, 
Perceptual Defense, Duration Thresholds for Symbols, words, numbers, etc., Figure-Ground Phenomena, 
Contour Perception, Figural After-Effects. 


The 800E Tachistoscope accepts standard 4” X 5” cards or transparencies, has two independent time 
interval generators (1.0 msec to 11 sec + 2%, in four Syertappin direct reading ranges) and such 
convenient features as field lock switches which do not affect the FE and 1 log unit intensity controls 
(which can be extended by using neutral density filters). 


The logical structure is unusually flexible— permitting continuous alternation of fields, simultaneous 
firing, etc. The blank logic structure (inhibit and override) of the GB tachistoscope is preserved in the 
800E to permit one field to operate as a pre and post exposure adoption or fixation field. 

This tachistoscope provides uniform illumination via two lamps per field, each with a separate lamp 
driver and a rise and fall time under .01 milliseconds, a jack for remote firing, blower cooled electronics, 
a laminated front surface mirror with magnesium antireflection back coating, an adjustable mirror mount 
for field alignment and four separate internal masks to permit edge alignment and remove internal cues. 

The Model 800E is the most convenient, compact (approximate dimensions: 24” x 24" X 
912"), reliable and flexible two channel tachistoscope available, and it is inexpensive— 
price is $845.00, F.O.B. New York City. 


"Laboratory Manual in Vision" can be bought separately for $3.00 a copy plus postage. 
Send for catalog sheet. 
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615 W. 131st Street New York, New York 10027 
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E THREE CHANNEL TACHISTOSCOPE 
DEED nc tis es eS Rer 


THE STANDARD BY WHICH OTHERS ARE JUDGED—THE 
SCIENTIFIC PROTOTYPE MODEL GB—THE FINEST THREE 
CHANNEL TACHISTOSCOPE. 


The Scientific Prototype Model GB Three Channel Tachistoscope is the accepted standard 
for research use throughout the world. This unit provides three independent interval gen- 
erators providing 0.1 msec to 110 seconds in 6 overlapping direct reading ranges (+2% at 
any setting). Full internal logic facilities are provided for pattern generation and pre and 
post exposure adaption and fixation plus complete input/output facilities for the modification 
of existing pattern. Both timers and lamp drivers are externally controllable (including 
lamp inhibit). A full range of compatible accessories is available to further increase the 
flexibility—from auxiliary time interval generators to binocular optical systems. 


Precision constant current lamp drivers control lamp intensity (separate lamp drivers for 
each lamp in each field). The optical system provides adjustments for view distance, pivoted 
mirror mounts for centering, 5 adjustable masks for edge matching and removal of visual 
cues and a third mirror for color correction. Fast, stable, low lost lamps (0.005 msec rise 
and fall time) provide illumination variable over approximately 1 log unit and filter holders 
are provided to extend this. 


Construction standards are unusually severe. Hermitically sealed transformers, computer 
grade condensers, solid tantalum and mylar timing capacitors, regulated power supplies for 
logic and lamp current, even military connectors and knobs. Derating factors are often as 
large as 100 to 1 and component performance vastly poorer than worst case predicted values 
have no discernible effect on operation. 


The GB tachistoscope system is the most thoroughly proven unit of its kind available. Well 
over half of the three channel electronic tachistoscopes in operation in the world today were 
built by Scientific Prototype. Future availability of accessories, calibration service and mini- 
mum obsolescence are assured by wide distribution and continued high volume production, 
making the GB one of the best equipment investments. 


Price: $2850.00 — F.O.B. New York City 
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Behavior Analysis Apparatus . . - reed relay control equipment cages, pellet 
dispensers, soundproof chambers, recorders, noise generators, s jock sources, timers, 
switches, digital test equipment and special systems. 

615 W. 131st Street New York, New York 10027 
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* NEW TACHISTOSCOPES 


A COMPLETE SERIES IN TWO GROUPS. THE 
SERIES T-IC IN 3 MODELS, THE T-2B IN TWO. 
PRICES FROM $800. TO $1500. 


ALL MODELS FEATURE THE FOLLOWINC 
WNEXPOSUPEIGABINET-——rn. iet made vit 


high intensity, large 734" x 734" exposure fields, balanced transmission- 
reflection mirror, cabinet completely lined (not painted) with light absorber 
to reduce reflection, enhance field contrast, four interchangeable stimulus 
holders to fit either field for the presentation of wide variety of materials, 
special holders available for exposure of solid objects, cans, packages, etc., 
precision construction eliminates necessity of individually adjustable fram- 
ing masks. 


e T | M E R — Three electronic solid state timers available, single chan- 
nel, dual channel, and three channel. MINIMUM INTERVAL all models— 
1.0 MIL. SEC., phase switch permits any degree of overlap or separation be- 
tween fields. Delay interval between fields adjustable in 1.0 mil. sec. steps. 
Order of fields, reversible, accuracy all models 2% or better. "Time on" 
indicator on each timer channel. 


e POWE R = SWITCH — All solid state low voltage circuitry 


uses latest type gate turn off transistors—no vacuum tubes, two mode op- 
eration. Overriding manual field controls. Single pulse, repetitive pulse 
inputs provided, lamp resistor in each lamp for intensity adjustments. 


e L AM P S — - Two four watt, high speed, long life, high efficiency, 
low voltage WHITE LAMPS in each field. Low voltage lamps permit sep- 
aration of components—no heat—no fans—no noise—components can be 
used in other lab. experiments. 


Write For Literature and Prices - Now! 


Ralph Gerbrands Company 


Scientific Instruments 


8 Beck Road Tel. 648-6415 
Arlington, Mass. 02174 Area Code 617 
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STIMULUS VERSUS RESPONSE DECISIONS AS DETERMI- 


NANTS OF THE RELATIVE 


DISJUNCTIVE REACTION- 


FREQUENCY EFFECT IN 
TIME PERFORMANCE 


P. JOHN DILLON 
McGill University 


In a typical disjunctive reaction-time 
the relative contributions of stimulus 


(DRT) task, one cannot separate 
and response events to decisions 


underlying performance. In the present study, use of a conditional 
DRT technique permitted independent variation of stimulus and re- 


sponse frequencies. The effects of th 


ese variations on response latency 


and GSR were studied in 4 experiments, on a total of 96 Ss. An in- 
verse relation between RT (and GSR) and frequency of the response 
alternatives, but not of the corresponding stimulus alternatives, was 
demonstrated. It is suggested that models of DRT performance should 


stress response-selection, rather than 
decision processing. 


The typical disjunctive reaction-time 
(DRT) task requires of the S a sim- 
ple form of decision processing: He 
must decide which of several stimulus 
alternatives (Sa, Sb, Sc, etc.) has been 
presented (the stimulus-identification 
decision), and which of several re- 


1This study is based upon a dissertation 
submitted to McGill University in partial 
fulfillment of the requirements for the PhD 
degree. The writer would like to express 
particular appreciation to Dalbir Bindra and 
Judith Williams for their helpful advice, and 
to R. B. Malmo and his research staff for 
assistance with the physiological section. 
During the course of the research the writer 
was in receipt of a Canadian Commonwealth 
Scholarship; the research itself was sup- 
ported in part by a grant (No. 9425-10) 
from the Defence Research Board of Canada 
to Dalbir Bindra. 
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stimulus-identification, factors in 


sponse alternatives (Ra, Rb, Rc, etc.) 
is required (the response-selection de- 
cision). It is the relative importance 
of these two types of decision in de- 
termining the relative frequency effect 
in DRT performance which is investi- 
gated in the present research. 

A number of investigators have used 
measures derived from information 
theory to study the effects on DRT 
of variations in series structure (see 
Garner, 1962, for review). One of 
the more consistent findings in this 
research is that mean overall (i.e., all 
S-R alternatives combined) RTs vary 
inversely with the degree of frequency 
imbalance among the S-R pairs con- 
stituting the series; the greater the 
imbalance, the shorter the overall mean 
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latency (e.g., Crossman, 1953; Hyman, 
1953). This between-series result will 
be referred to here as the frequency- 
imbalance effect. However, little in- 
sight into S’s decision behavior is pro- 
vided by this gross, overall measure. 
It cannot, e.g., indicate whether the 
shorter overall mean DRT for a series 
with greater frequency imbalance arises 
from a general shortening of all the 
DRTs in that series, or from the short- 
ening of DRTs on trials with particu- 
lar S-R alternatives. Latency differ- 
ences between rare and frequent S-R 
alternatives within series have not, by 
and large, been treated as the impor- 
tant measure, 

A few investigators have, however, 
examined RT for individual S-R al- 
ternatives. Hyman (1953) himself 
mentions observing longer RT for the 
least frequent of several S-R alterna- 
tives in one experiment. In addition, 
RT for each S-R alternative within 
the series was specifically examined in 
the studies of Fitts, Peterson, and 
Wolpe (1963) and of Leont'ev and 
Krinchik (1963). These investigators 
found that S-R pairs with higher rela- 
tive frequency yielded shorter RTs, 
while longer RTs were associated with 
the less frequent S-R pairs. This will 
be referred to as the relative frequency 
effect; it is a within-series effect, 
and should be distinguished from the 
grosser, between-series, frequency-im- 
balance effect. 

The question which remains un- 
answered concerns the relative im- 
portance of the two types of decision, 
the stimulus-identification and the re- 
sponse-selection decision, in determin- 
ing the observed relative frequency 
effect. Is it the case that the less 
frequent responses have longer laten- 
cies because it takes longer to identify 
the stimulus, or because it takes longer 
to select the appropriate response? 

Investigations designed to answer 
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this question by assigning either mul- 
tiple stimuli to a given response al- 
ternative (e.g., Rabbitt, 1959) or mul- 
tiple responses to a given stimulus 
alternative (eg., Morin & Forrin, 
1963) have typically found that the re- 
sponse component is more important in 
determining DRT than is the stimulus 
component, but the results are far from 
definitive. In most of the experiments, 
RTs for individual S-R pairs were not 
measured, and stimulus and response 
alternatives occurred with equal re- 
spective frequencies, thus providing no 
crucial information concerning the 
relative frequency effect. The decisive 
paradigm would be one in which the 
frequencies of occurrence of the stimu- 
lus and response alternatives were 
varied separately, and in which the 
measure taken was the mean RT for 
each S-R alternative in the series. The 
present investigation incorporates this 
paradigm. 

Independent variation of the relative 
frequencies of stimulus and response 
alternatives was obtained in the pres- 
ent research by two procedural inno- 
vations : 


1. The requirement to give a re- 
sponse was made conditional upon the 
presentation of an auxiliary response- 
demand signal (a 600-cps tone) fol- 
lowing the occurrence of the stimulus. 
This is referred to as the conditional 
disjunctive — reaction-time (CDRT) 
paradigm. The term response demand 
(RD) will be used to refer to the 
proportion of occurrences of a given 
stimulus alternative on which the tone 
(response-demand signal) was pre- 
sented—i.e., the conditional probability 
of a response being required, given 
the occurrence of the stimulus. 

2. One response alternative was as- 
signed to more than one stimulus al- 
ternative (the "noncritical" S-R as- 
signment category), while the only 
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other response alternative was assigned 
to a single stimulus alternative (the 
"critical" S-R assignment category). 
The degree of response selection re- 
quired on a given trial varied, there- 
fore, according to which S-R assign- 
ment categories the stimulus belonged. 
Thus, the effects on DRT performance 
of frequency variation among the S-R 
alternatives could be observed when 
two different degrees of response se- 
lection were required. 


GENERAL METHOD 


A general description of Ss, stimuli, ap- 
paratus, and procedure is given here. The 
particular conditions prevailing in each ex- 
periment will be described at appropriate 
points in the text. 


Subjects 


Ninety-six men from Long Point Army 
Depot, of age 17-43 yr., served as Ss. No 
S served in more than one experiment. 


Stimuli and Apparatus 


Stimulus presentation.—The stimulus al- 
ternatives in all series were the eight let- 
ters, A, D, F, I, L, O, U, and Z, presented 
through stereophonic earphones from a tape 
recorder (Phillips 400). Each stimulus se- 
ries consisted of approximately 300 letters, 
spaced 6 sec. apart. A 600-cps tone of .10- 
sec. duration, recorded on the same tapes as 
were the stimulus letters, served as the re- 
sponse-demand signal. Sound level was ap- 
proximately 85 db. (re .0002 dyne/cm?) for 
the stimuli and 90 db. for the tones. 

Sensory control—The S was blindfolded, 
and was comfortably positioned in an up- 
holstered reclining armchair, with a footrest 
supporting his feet. Response execution re- 
quired a minimal amount of movement of 
one finger. These controls were adopted to 
minimize and hold constant stimulation other 
than that received through the earphones. 

Response equipment.—Two lever-type mi- 
croswitches, with minimal spring resistance 
against the levers, rested directly under S’s 
index and middle fingers. The response unit 
adjusted to enable S to rest his arm on the 
chair, with his fingers held comfortably just 
above the levers. A response consisted of 
pressing one of the levers, which S released 
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before the occurrence of the next stimulus. 
The tone (response-demand signal) activated 
a timing circuit which was stopped by S's 
response. Each RT (the interval ‘between 
the onset of the tone and the operation of 
either switch) was recorded to the nearest 
.01 sec. A response light indicated to E 
which lever was pressed. 


Procedure 


The general nature of the experiment was 
described to S, and he was told that it was 
essential that he respond as fast as he could, 
pressing the correct key for each letter if the 
letter was followed by the tone. If no tone 
occurred, he was not to respond. The blind- 
fold and earphones were then placed on S, 
who adjusted them as he wished, and a prac- 
tice session was given (an actual section of 
the experimental tape, comprising 40 stimuli 
one third of the way from the end). The 
practice series was interrupted immediately 
if S made a mistake, the instructions were 
repeated, and the practice session was re- 
started. Only an occasional S made a mis- 
take. These procedures served to minimize 
practice effects during the experimental ses- 
sion. At the end of the practice S' was told 
that he was performing well, the tape was 
rewound to the beginning, and testing was 
conducted without further interruption. 


EXPERIMENT I 


The purpose of this experiment was 
to determine the basic relation between 
the different relative frequencies of 
occurrence of the S-R alternatives in 
the series and CDRT for those alter- 
natives. 


Method 


Four groups, of 12 Ss each, were tested. 
The same stimulus series was presented to 
every S. Response demand (ie, the pro- 
portion of the presentations of each stimulus 
alternative which required a response) was 
held constant at .50 for each alternative. 
When a tone (response-demand signal) fol- 
lowed a stimulus, it did so by between .50 
and .70 sec—preliminary investigation indi- 
cated that this interval was not so short as 
to affect the discriminability of the stimuli, 
nor so long that latency differences disap- 
peared. 

The eight letter alternatives constituting 
the stimulus series may be represented as 
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four pairs, in which the members of each 
pair occur with the same probability (rela- 
tive frequency), as follows: p(A) —5(0) 
205; p(F) 24(L) 7.10; &(D —(U) = 
=.15; p(D) =p(Z) =.20. These will be 
referred to as matched-frequency pairs. For 
each group of Ss, one member of one of 
these four pairs was designated in the instruc- 
tions as the critical stimulus (i.e., that stimu- 
lus alternative which was uniquely associ- 
ated with one response alternative). That 
is, the probability of occurrence of the criti- 
cal stimuli was varied between the four 
groups solely by this instructional procedure. 
Thus, for Group A the letter A, which oc- 
curred with a probability of .05, was the 
critical stimulus; for Group F, the critical 
stimulus was the letter F, whose probability 
was .10, and so on for Groups I and D. At 
the same time, of course, the differences 
in relative frequency among the remaining 
seven stimulus alternatives constituted, for 
each S, the noncritical relative frequency 
variation. 

The following restrictions were applied to 
the stimulus series: (a) the same stimulus 
alternative was never presented on two con- 
secutive trials; (b) no stimulus alternative 
was immediately followed by its matched- 
frequency pair; (c) the specified relative 
frequencies of the eight stimuli held within 
each consecutive block of 20 stimuli. Sub- 
ject to these restrictions, the order of stimu- 
lus occurrence was random, with a different 
random order in each block of 20 stimuli. 


TABLE 1 


Mean RESPONSE LATENCIES IN MILLI- 
SECONDS FOR THE CRITICAL AND NON- 
CRITICAL STIMULUS ALTERNATIVES 
IN Exp. I 


Noncritical* 


Group | Critical Relative S-R Frequency (b) 


= 
.05 40 45 .20 


254 |(198)| 207 | 203 | 205 
217 189 |(195)| 189 | 188 
196 195 187 |(186)| 191 
185 188 | 191 | 189 | (194) 


g-*3» 


Note.—For each group the noncritical stimuli oc- 
curred at four different relative frequencies, one of 
which was the same as the relative frequency of the 
critical stimulus for that group. 

a Parentheses are used to distinguish the mean 
response latency for the noncritical stimulus which 
was matched in relative frequency with the critical 
stimulus for each group. 
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— Critical 
=== Non-critical 


Mean Response Latency (msec.) 


Gp.A 


GpF Gp! 


Gp.D 


05 40 45 .20 
Relative Frequency: C and Matched 
NC S-R Alternatives 

Fic. 1. Mean response latency as a func- 
tion of the relative frequency of occurrence 
of the critical (C) and the matched non- 
critical (NC) S-R alternatives (those which 
occurred with the same relative frequency as 
the critical S-R alternatives) obtained in 
Exp. I. (Groups were identified in terms of 
the relative frequency of their respective 
critical S-R alternative.) 


The sequence of tones was also random. As 
a result of these independent orderings, and 
of the sequential restrictions, S would fairly 
easily be able to learn the proportional fre- 
quencies of occurrence of the eight stimuli, 
but it was considered to be effectively im- 
possible for him to know with any certainty 
whether a given stimulus would require a re- 
sponse or not on a given trial. 


RESULTS AND COMMENT 


Table 1 shows, for each group; 
mean response latencies for criti 
and noncritical S-R alternatives. In 
Fig. 1, a graph is presented which 
shows the between-group results for 
the critical and matched-frequency 
noncritical stimuli. A two-way anal- 
ysis of variance (Critical /Matched- 
Frequency Noncritical X Four Groups, 
with S variance removed) showed à 
significant main effect for the critical- 
ness dimension, F(1,44) = 20.57, p < 
001, which indicates that reactions 
to the critical stimuli were, in general, 
slower than those to the noncritical 
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stimuli. The more interesting result, 
however, is the significant interac- 
tion term, F(3,44) = 10.04, p < .001, 
which reflects an inverse relation be- 
tween RT and frequency of occurrence 
in the case of the critical stimuli, but 
not in the case of the matched-fre- 
quency noncritical stimuli (see Fig. 1). 
Separate trend analyses for the critical 
and noncritical dimensions indicated a 
significant linear trend, with no signifi- 
cant deviation, in the critical data, but 
no trend in the noncritical data. A 
two-way analysis of variance (Four 
Noncritical Stimulus Frequencies X 
Four Groups with S variance re- 
moved) of the noncritical data only 
(see Table 1) yielded no significant 
effects, 

The above results indicate that, when 
several stimulus alternatives share a 
common response alternative (the non- 
critical S-R assignment category), 
speed of response is not affected by 
differences in their frequency of occur- 
rence—i.e,, no relative frequency ef- 
fect is observed; reactions to the rarest 
stimuli are as fast as those to the 
most frequent stimuli. However, when 
the stimuli are critical, ie. when a 
single response alternative is uniquely 
assigned to a stimulus alternative—a 
condition in which a high degree of 
response selection is required—re- 
sponse latencies are inversely related 
to their relative frequency of occur- 
rence, 

The longer latencies obtained in the 
case of the critical S-R alternatives 
would appear to depend upon the fact 
that, for all groups, the response al- 
ternative associated with the critical 
stimulus (the critical response alterna- 
tive), was required far less often 
(from 5% to 20%, depending on the 
group) than was the noncritical re- 
sponse alternative (the corresponding 
95%. to 80% of the time). The rarity 
of the stimulus per se, however, could 
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not be the crucial factor here, since 
the rarest noncritical stimulus alterna- 
tive was responded to as fast as was 
the most frequent noncritical stimulus 
alternative. Thus, it would appear to 
be the rarity of the response require- 
ment associated with the critical stim- 
ulus for each group that caused the 
increase in RT. 


Experiment II 


Experiment II was essentially a rep- 
lication of Exp. I, in which GSR was 
measured immediately after each stim- 
ulus presentation, as an index of Ss’ 
physiological reactions to these stimu- 
lus events, Eight Ss, two in each of 
the four groups, were tested. 

Method and procedure were paral- 
lel to those described in Exp. I, the 
only major exception being that the 
interval between stimulus presentation 
and the response-demand signal was 
increased to 3.0 sec., in order to allow 
GSRs to be recorded free from move- 
ment artifacts associated with response 
execution, (The provision of this 3.0- 
sec, interval, of course, made it un- 


TABLE 2 


MEAN PROPORTIONAL FREQUENCIES or GSR 
OccuRRENCE FOLLOWING CRITICAL AND 
NoNcRITICAL STIMULUS PRESEN- 
TATIONS IN Exp. II 


Noncritical* 


EEE CUN P 


Group | Critical Relative S-R Frequency (p) 


05 10 AS 20 


A | .73 |(19) | .20 | .22 | .20 
F | 48 | 40 |C12)| .12 | .13 
I ; ‘08 | (.27) | 323 
D | 24 | ‘09 | ‘08 | .07 | (.06) 


Note.—For each group the noncritical stimuli oc- 
curred at four different relative frequencies, one of 
which was the same as the relative frequency of the 
critical stimulus for that group. 

* Parentheses are used to distinguish the proportional 
frequencies of GSR occurrence following the noncritical 
stimulus which was matched in relative frequency with 
the critical stimulus for each group. 
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likely that any RT differences would 
be obtained in this experiment; none 
were, in fact, observed.) 

An Edin oscillograph (Model 8105) 
and an Edin chart-drive (Type 8002), 
situated in a room separate from S’s, 
were used for GSR recording. A 
GSR was defined as a rise in skin 
conductance of at least 1 mho, which 
began within 3.0 sec. after stimulus 
presentation. A total frequency of 
GSRs for each stimulus alternative 
was converted into a proportion for 
that alternative; an arc sine transfor- 
mation was applied to these propor- 
tions prior to their treatment by anal- 
ysis of variance (Winer, 1962). 


Results and Comment 


Table 2 shows the mean proportions 
of the critical and noncritical stimulus 
presentations on which GSRs oc- 
curred, Figure 2 shows a graph of 


1.00 


— Critical 
=== Non-critical 


Mean Proportional Frequency of GSRs 


05 40 45 .20 
Relative Frequency: C and Matched 
NC S-R Alternatives 


Fic. 2. Mean proportional frequency of 
occurrence of GSRs as a function of the rela- 
tive frequency of occurrence of the critical 
(C) and the matched noncritical (NC) S-R 
alternatives (those which occurred with the 
same relative frequency as the critical S-R 
alternatives) obtained in Exp. II. (Groups 
were identified in terms of the relative fre- 
quency of their respective critical S-R al- 
ternative.) 
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the between-group results for the criti- 
cal vs. the noncritical (matched-fre- 
quency) stimuli. A two-way analysis 
of variance  (Critical/Matched-Fre- 
quency Noncritical X Four Groups, 
with S variance removed) showed a 
significant main effect for criticalness, 
F(1,4) = 10677, p< 001—ie, the 
proportional frequency of occurrence 
of GSRs following critical stimulus 
alternatives was significantly higher 
than that following matched-frequency 
noncritical alternatives. The signifi- 
cant interaction term, F(3,4) — 9.43, 
p< 05, reflects the fact that an in- 
verse relation. between frequency of 
occurrence of stimulus alternatives and 
proportional frequency of occurrence 
of GSRs held for critical, but not for 
matched-frequency noncritical, stimuli. 


EXPERIMENT III 


In Exp. III, the CDRT technique 
was used to allow the stimulus alterna- 
tives to vary in relative frequency, 
while the frequency of occurrence of 
the response alternatives remained 
constant. The hypothesis suggested by 
the results of Exp. I and II is that an 
unexpected requirement to produce an 
infrequently called-for response alter- 
native, rather than the occurrence of 
an infrequent stimulus alternative, 
evokes a surprise reaction in S which 
disrupts the normal course of response- 
selection processing, thus leading to 
increased latencies. Since only stim- 
ulus frequency was varied in Exp. III, 
no relative frequency effect was pre- 
dicted for either the critical or the 
noncritical response assignment cate- 


gory. 


Method 


Two groups, of 10 Ss each, were tested. 
These groups were analogous to Groups 
and D in the previous experiments, in that 
they represented the largest possible differ- 
ence in the relative frequency of the critical 
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stimuli (A and D). The number of occur- 
rences of each stimulus alternative was as 
follows: A=O=18 (p=.06); F=L=36 
(p=.12); I=>U=42 (p=.14); D=Z= 
54 (p=.18). The number of responses re- 
quired for each of the eight sitmulus alterna- 
tives was constant at 18 for both groups. 
Variations in response demand (RD) were 
determined solely by stimulus frequency 
variation. The response demand for each 
stimulus alternative was as follows: RD, = 
RDo =1.00; RDr = RD: = .50; RD: = RDv 
=.43; RD»=RDz=.33. When the re- 
sponse-demand signal followed a stimulus, 
it did so by .50 sec. All other conditions of 
testing were the same as those described in 
Exp. I. 


Results and Comment 


Table 3 shows mean response laten- 
cies for critical and noncritical stimuli 
for each of the two groups. Figure 3 
presents the between-groups results 
for the critical and matched-frequency 
noncritical stimuli in graphical form. 
A two-way analysis of variance (Criti- 
cal/Matched-Frequency Noncritical X 
Two Groups, with S variance re- 
moved) showed no significant effects. 
A two-way analysis of variance (Four 
Noncritical Stimulus Frequencies X 
Two Groups, with S variance re- 
moved) performed on the noncritical 


TABLE 3 


MEAN RESPONSE LATENCIES IN MILLI- 
SECONDS FOR THE CRITICAL AND NON- 
CRITICAL STIMULUS ALTERNATIVES 
IN Exp, III 


Noncritical* 


Group | Critical | Relative Stimulus Frequency (2) 


06 42 14 18 


(133) | 134 | 139 | 136 
125 | 129 | 131 | (131) 


A 158 
D 130 


Note.—For each group the noncritical stimuli oc- 
curred at four different Mu qud one of 
which was the same as the relative frequency of the 
critical stimulus for that group.  , — . 

a Parentheses are used to distinguish the mean 
response latency for the noncritical stimulus which was 
matched in relative frequency with the critical stimulus 
for each group. 
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140 


120. 


Mean Response Latency (msec.) 


Gp.D 


.06 48 
Relative Frequency: 
C and Matched NC Stimuli 


Fic. 3. Mean response latency as a func- 
tion of the relative frequency of occurrence 
of the critical (C) and the matched non- 
critical (NC) stimuli (those which occurred 
with the same relative frequency as the criti- 
cal stimuli) obtained in Exp. III. (Groups 
were identified in terms of the relative fre- 
quency of their respective critical stimulus 
alternative. ), 


data only (see Table 3) also yielded 
no significant effects. 

RT was unrelated to stimulus fre- 
quency in both the critical and non- 
critical S-R assignment categories. 
Thus, even for those stimuli which 
were uniquely associated with a single 
response alternative, no significant 
relative frequency effect was observed 
in the absence of frequency variation 
among the response alternatives. 


ExrERIMENT IV 


In Exp. IV, the relative frequency 
of the response alternatives was varied, 
but stimulus frequency remained con- 
stant. Thus, the relative frequency 
effect was predicted for the critical, 
but not for the noncritical, S-R assign- 
ment categories, 


Method 


Two groups of 10 Ss each were tested. 
These were analogous to Groups A and D 
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TABLE 4 


MEAN RESPONSE LATENCIES IN MILLI- 
SECONDS FOR THE CRITICAL AND NON- 
CRITICAL STIMULUS ALTERNATIVES 
IN Exp. IV 


Noncritical* 


Group | Critical | Relative Response Frequency (2) 


.06 40 45 19 


(169) | 165 | 165 | 163 
(176) 


A 232 
D 159 167 172 | 172 


Note.—For each group all the stimuli occurred with 
the same relative frequencies (p =.125). Groups 
were identified in terms of the relative frequency of 
their respective critical response alternatives. 

«Parentheses are used to distinguish the mean 
latency for the noncritical response which was matched 
in relative frequency with the critical response for 
each group. 


in Exp. I, in that they represented the largest 
possible difference in the frequency of the 
critical responses (with critical—and non- 
critical—stimulus frequency constant). 

Each of the eight stimulus letters occurred 
38 times (5—.125). The number of re- 
sponses required for each stimulus alternative 
was as follows: A=O=8; FZL—15;I— 
U=23; D=Z=29. Variations in response 
demand (RD) were determined solely by re- 
sponse frequency variation. The response 
demand for each stimulus alternative was as 
follows: RDs=RDo=.21; RDry=RDi= 
39; RD:=RDc=.61; RD»- RDz- 76. 
All other conditions of testing were the same 
as those described in Exp. III. 


Results and Comment 


Table 4 presents mean response la- 
tencies for critical and noncritical stim- 
uli for each of the two groups. Figure 
4 shows the between-group results for 
the critical and the matched-frequency 
noncritical stimuli in graphical form. 
A two-way analysis of variance (Criti- 
cal/Matched-Frequency Noncritical x 
Two Groups, with S variance re- 
moved) showed a significant main ef- 
fect for the criticalness dimension, 
F(1,18) = 16.08, p < .001. The sig- 
nificant interaction term, F(1,18) = 
45.44, p < .001, indicates that, while 
response latencies for the critical stim- 
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uli were longer than those for the non- 
critical stimuli for Group A, this was 
not the case for Group D. In other 
words, response latency was inversely 
related to the frequency of the response 
alternatives in the case of the critical, 
but not the noncritical S-R assignment 
categories. A two-way analysis of 
variance (Four Noncritical Stimulus 
Frequencies X Two Groups, with S 
variance removed) performed on the 
noncritical data only, yielded no sig- 
nificant effects. 

The inverse relation between re- 
sponse frequency and latency for the 
critical but not the noncritical S-R 
assignment categories, confirms the 
prediction that, when the relative fre- 
quency of the response alternatives 
varied, the relative frequency effect 
would be obtained in the case of the 
critical S-R assignment category, even 
though no variation existed among the 
relative frequencies of the stimulus 
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.06 49 
Relative Frequency: 
C and Matched NC Responses 


Fic. 4. Mean response latency as a func- 
tion of the relative frequency of occurrence 
of the critical (C) and the matched non- 
critical (NC) responses (those which oc- 
curred with the same relative frequency as 
the critical responses), obtained in Exp. IV. 
(Groups were identified in terms of the rela- 
tive frequency of their respective critical re- 
sponse alternative.) 
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alternatives. This provides clear sup- 
port for the view that it is the require- 
ment to give a rarely called-for re- 
sponse alternative which underlies the 
latency differences constituting the 
relative frequency effect. 


Discussion 


A number of models have been de- 
veloped which relate to the processes un- 
derlying DRT performance. In most of 
these models, the stimulus-identification 
decision is assumed to be the crucial as- 
pect of the DRT task; the response is 
thought to be “triggered” as soon as the 
stimulus has been identified (e.g., Stone, 
1960). 

The initial result (Exp. I), that latency 
differences were obtained only when the 
relative frequency of response require- 
ment varied, and were not related to 
stimulus frequency per se, provides strong 
evidence against the universal applica- 
bility of stimulus-identification models. 
Further negative evidence comes from the 
results of Exp. III and IV, in which the 
relative frequency effect was obtained 
only when response frequency varied. 
The GSR data of Exp. II also provide 
difficulties for stimulus-identification mod- 
els: if the patterns of GSR occurrence 
observed in that experiment were due to 
stimulus occurrence, then it is difficult 
to see why the same relation should not 
have held in the case of the noncritical, as 
in that of the critical, S-R alternatives— 
regardless, ie. of response assignment 
factors. 

In DRT tasks, E typically makes de- 
liberate use of clearly perceptible and 
unambiguous stimuli; stimulus-identifica- 
tion decisions should, therefore, contribute 
minimally to total latency variation, and 
response-selection processes should be the 
relatively more important determiners of 
variations in performance. In signal de- 
tection tasks, on the other hand, stimulus- 
identification processes are seen to be 
crucial, since the identity of the stimulus 
is deliberately obscured, and the number 
of response alternatives is normally 
limited to one or two. The stimulus- 


identification models, derived from signal- 
detection and psychophysical experiments, 
are clearly not suitable for dealing with 
performance in DRT tasks. (The fact 
that stimulus-identification models are 
able to incorporate certain data obtained 
in DRT experiments can be accounted 
for if it is accepted that response-selec- 
tion processes would be influenced by 
many of the same task variables—e.g., 
payoffs and probability factors—as have 
been shown to influence stimulus-identifi- 
cation processes in signal-detection tasks, 
Swets, Tanner, & Birdsall, 1961.) 

Greater emphasis on response processes 
is to be found in Berlyne’s (1957, 1960) 
response-conflict theory, which would at- 
tribute latency differences to conflict 
among anticipatory response tendencies. 
However, Berlyne implies that response 
tendencies are active even before the 
stimulus has been presented. Although 
such anticipation may well occur, it seems 
clear from the present results (e.g., Exp. 
II) that the crucial aspect of S's decision 
behavior occurs following the presenta- 
tion of the stimulus—i.e., during the de- 
cision interval, when S is attempting to 
select the appropriate response. 

Clearly, a new model of DRT task per- 
formance is required. It should be dif- 
ferent from the stimulus-identification 
models and should place greater stress on 
response-selection processes occurring 
during the decision interval. Tentative 
suggestions are presented here about what 
goes on during the decision interval. 

Two separate processes are thought to 
occur in the decision interval. Firstly, 
as soon as S identifies the stimulus, he 
begins searching his memory system for 
the relevant S-R information? to deter- 
mine which response is required. This 
information is available to him from three 
sources: (a) the instructions, (b) his re- 
sponses on previous trials, and (c) his 
acquired knowledge of series structure. 
The availability of this information, and 
therefore, speed of response, must depend 


2The term "information" is used here as 
in normal discourse (e.g, weather informa- 
tion, time-table information, etc.), not as in 
information theory. 
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directly upon S's ability to store and re- 
trieve the relevant information on each 
trial. The greater the amount of S-R in- 
formation S is required to store, the lower 
will be the availability of the information 
pertaining to each S-R alternative. Sec- 
ondly, if he is unable to reach an immedi- 
ate response decision (e.g., if the stimulus 
requires a rarely called-for response al- 
ternative), a mild form of a “panic re- 
action” occurs, which is inversely pro- 
portional to the availability of the relevant 
S-R information. It is this which is 
thought to be reflected in the GSR data 
of Exp. II. Note, however, that this 
physiological reaction may be correlated 
with, but may well not be causally re- 
sponsible for, the increased response la- 
tencies; i.e., both the physiological reac- 
tion and the increased latency may be 
occasioned by the surprise evoked by a 
rarely called-for response requirement, 
and by the greater memory search time 
needed to retrieve the S-R information 
leading to selection of this response. 

Three main lines of further investiga- 
tion are suggested by the above consider- 
ations, The first concerns the manner in 
which the S-R information is organized 
within the memory storage system in a 
DRT task; the second concerns the man- 
ner in which S retrieves the stored in- 
formation; and the third concerns the 
precise nature and temporal properties of 
the physiological reaction, and its relation 
to the overt response latency. 
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HYPOTHESIS BEHAVIOR BY HUMANS DURING 
DISCRIMINATION LEARNING* 


MARVIN LEVINE 
New York State University at Stony Brook 


Adult human Ss received 4-dimensional discrimination problems with 
intermittent reinforcement, ie, E said "right" or "wrong" only after 
every 5th response. The S's hypothesis (H) was inferred from his 
pattern of choices during the nonreinforced trials. There were 2 major 
effects of right and wrong upon S's Hs: (a) Right produced retention 


and wrong produced rejection of the H manifested. 


(b) The size of 


the H set from which S sampled was reduced with each successive out- 


come. 


Right was more effective in this respect than wrong. An 


information-processing theory is presented to account for these results. 


Data have accumulated rapidly (e.g., 
Bower & Trabasso, 1963; Kendler & 
Kendler, 1962; Levine, Leitenberg, & 
Richter, 1964) to indicate that choice 
responses made by the adult human 
during discrimination learning are or- 
ganized by S's hypotheses (Hs). Le- 
vine (1963) has further demonstrated 
that when the stimuli are multidimen- 
sional, i.e., differing in size, shape, etc. 
(see Fig. 1 for stimuli which vary in 
four dimensions), the particular H held 
by S may be inferred if outcomes are 
withheld for a few trials; The me- 
chanics of such inference will be de- 
scribed below. The necessary assump- 
tions are: 


1. At the outset of a trial S selects 
an H from some set. This H is a 
“state,” and may be thought of as a 
prediction by S. Thus, S may predict 
that the larger stimulus is correct (re- 
gardless of its shape, color, etc.) or 
that the stimulus on the left side is 
always correct, etc. 

2. The set of Hs from which S 
samples is finite and is known exhaus- 


1Gratitude is due Charles Steinmeyer for 
his assistance in programing the data for 
computer analysis. This investigation was 
supported by Public Health Service Research 
Grant MH 08485-01, from the National 
Institute of Mental Health. 


tively to E. In practice, it will be 
assumed specifically that each H is a 
prediction that one level of one of the 
dimensions is consistently correct, For 
the stimuli shown at the center of Fig. 
1 there are, then, only the eight Hs 
indicated by the columns. The justi- 
fication for this specific assumption 
will be presented below. 

3. If no outcome is given following 
S’s choice he keeps the same H for 
the next trial. During consecutive 
blank (ie, no outcome) trials only 
one H will be maintained. 

4. The S makes his choices in such 
a way that, if his H were in fact cor- 
rect, he would always be right. For 
example, if an S predicts that one of 
the forms is correct he will choose 
that form, regardless of its size, color, 
or location, on every consecutive blank 
trial. 


smt SMALL 


- |[x x] 


d xl 


Fic. 1. Eight patterns of choices corre- 
sponding to each of the eight Hs when the 
four stimulus pairs are presented consecu- 
tively without outcomes. 
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Assumption 4 implies that over con- 
secutive blank trials the pattern of 
responses will be perfectly correlated 
with the aspect of the stimulus corre- 
sponding to the H. The stimuli pre- 
sented from trial to trial may be so 
constructed that the response pattern 
yielded by each H is unique. The 
four stimulus pairs at the center of 
Fig. 1 are so constructed. Suppose 
these stimuli are presented as four 
consecutive blank trials. The response 
patterns corresponding to the eight 
possible Hs are shown in the columns 
of Fig, 1. If, eg, S predicts that 
black is the basis for solution his re- 
sponses will show the simple position- 
alternation pattern indicated in the col- 
umn marked "black" (since the black 
stimulus also follows simple position 
alternation). 

The response patterns described in 
Fig. 1 show either two or four re- 
sponses to one side. According to 
the assumptions, no 3-1 combinations 
should occur. To treat the possible 
appearance of the eight 3-1 patterns 
the following will be assumed : 


5. On any trial S has a certain con- 
stant probability of choosing incor- 
rectly. For example, an S who pre- 
dicts that the left side is the basis for 
solution may, “by accident,” choose the 
right side on some trial. One such 
incorrect choice in a set of four blank 
trials will produce a 3-1 pattern. In 
practice, this probability is very small 
(of the order of .02) and this assump- 
tion may, with little distortion to the 
results, be ignored. It is necessary, 
however, for the complete treatment 
of all the data. 


Unlike other hypothesis models 
(Bower & Trabasso, 1963; Restle, 
1962) the present assumptions include 
nothing about the effects of outcomes 
("right" and “wrong”). These ef- 
fects were studied here empirically. 


METHOD 


Subjects—Eighty volunteers from the in- 
troductory psychology courses served as Ss. 
One other S was discarded because of failure 
to solve any of the preliminary problems. 

Materials and procedure.—The experiment 
consisted of a series of four-dimensional dis- 
crimination problems with stimuli of the sort 
illustrated in Fig. 1. The stimuli were 
drawn in color 1% in. apart on 3X5 in. 
cards, The large letter was 1 in. in height; 
the small letter was 36 in. A problem was 
composed of a set of stimulus cards all con- 
taining the same two letters and two colors. 
Different problems used different pairs of 
letters and of colors. 

In order to meet Assumption 2, that S 
chooses only the eight simple Hs described 
in Fig. 1, a preliminary instruction-and- 
problem phase preceded the experimental 
series of problems. 

The S was seated across from E, was 
shown a sample stimulus card, and received 
the following instructions : 


In this experiment you will be presented 
with several easy problems. Each problem 
consists of a series of cards like this one. 
Each card will always contain two letters, 
and the letters will be of two colors. You 
will also notice that the letters are of two 
different sizes, and, of course, that one 
letter is on the left and one is on the 
right. Every card will be like this one ex- 
cept that the letters and the colors will be 
different. One of these two stimuli is 
"correct" in the sense that I've marked it 
here on my sheet. For each card I want 
you to tell me which of these two you 
think is correct and TIl tell you whether 
youre right or wrong. Then you go on 
to the next card, again you make a choice, 
and again I'll tell you whether you are 
right or wrong. In this way you can learn 
the basis for my saying “right” or “wrong.” 
You can figure out whether it's because 
of the color, the letter, the size, or the posi- 
tion. The object for you is to figure this 
out as fast as possible so that you can 
choose correctly as often as possible. 


The first problem consisted of 10 trials in 
which the color (green) was the basis for 
solution. The S received the deck face up. 
He responded to the top card, the appropri- 
ate outcome was given, and he then turned 
the card face down out of the way. This 
procedure was followed for all 10 trials. 
The E then asked S what the solution was. 
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The S who said "green" received the in- 
structions for the next problem. An S who 
verbalized any H other than the eight sim- 
ple ones was told, “The problem is not as 
complicated as that. One of the letters, 
colors, sizes, or positions is consistently cor- 
rect throughout.” The nonsolving S then 
redid that problem. If he did not solve it 
the second time he was told simply that the 
green letter was always the correct one. 

The S was then instructed for the next 
three preliminary problems with this state- 
ment: 


In the last problem I said right or 
wrong after each card. For the next prob- 
lem I will not always tell you whether you 
are right or wrong. After some cards, 
Tl say nothing. Don't let that disturb 
you. Try to be right all the time. 


The E also reiterated that one of the 
simple solutions would be consistently cor- 
rect. The three problems were then pre- 
sented. These had sets of blank trials inter- 
spersed among the outcome trials. For all 
Ss large size, the letter O, and the left 
position were respectively correct. 

The experimental problems.—Each S then 
received 16 16-trial problems in which an 
outcome was always presented at the first, 
sixth, and eleventh trial. The stimuli for each 
problem were arranged with special restric- 
tions. In a four-dimensional simultaneous- 
discrimination problem there are exactly 
eight different stimulus pairs which may be 
presented. These may be grouped into two 
different sets of four pairs, the dimensions 
being perfectly counterbalanced within each 
set. Figure 1 shows such a set in which 
each level of every dimension appears exactly 
twice with each level of every other dimen- 
sion. Such a counterbalanced set of stimulus 
pairs is described as internally orthogonal. 
The remaining set of four stimulus pairs may 
be produced by simply interchanging the posi- 
tions of each stimulus. For the top pair, 
e.g., the small white T would be placed on 
the left and the large black X on the right. 
This new set of four pairs will also be inter- 
nally orthogonal. Referring to one set as 
Set A and the interchanged set as Set B, 
Set A was used for all blank trials, That 
is, Trials 2-5 were composed of the four Set 
A stimuli, as were Trials 7-10, and Trials 
12-15. The trial-to-trial order was different 
for each of the three sets. Set B was used 
for the remaining (outcome) trials. This 
arrangement had two virtues: The S never 
encountered a specific stimulus pair to which 
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Fic. 2. A schematic of the 16-trial prob- 
lem showing the trials on which E said right 
or wrong (+: or—+) and the blank trials 
from which the hypotheses (Hs) were in- 
ferred. 


an outcome had previously been given, and 
the outcome cards, as well as the blank-trial 
sets, had the property of internal orthog- 
onality. 

The E said "right" or "wrong" on Trials 
1, 6, and 11 according to a prearranged 
schedule and regardless of S's response. 
Each of the eight possible right-wrong se- 
quences which could occur on three trials 
was assigned to each of the first eight prob- 
lems and again to each of the last eight 
problems. The sequences were assigned to 
different problems for each eight Ss, form- 
ing 8X8 Latin squares. Trial 16, the last 
trial of each problem, was treated separately : 
The S was told right on half the problems; 
nothing was said on the other half. Figure 
2 shows a summary of the procedure. 


RESULTS AND DISCUSSION 


The blank-irials  data.—The data 
from the sets of four blank trials fall 
into two classes: the eight patterns 
conforming to the specified Hs, (cf. 
Fig. 1) and the eight patterns not con- 
forming (the 3-1 patterns). The H 
patterns appear on 92.4% (3,550 out 
of 3,840) of the four trial sets. Thus, 
S’s behavior is strongly systematic, in 
the form predicated by the first four 
assumptions. The fifth assumption 
stipulates that S has a small probability 
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of making an error on any one trial. 
This value, calculated from the result 
that 7.6% of the patterns are 3-1 pat- 
terns, is .02. Further verification of 
the assumptions comes from the re- 
sponse on each outcome trial, Each 
set of blank trials permits inference of 
the H which, in turn, permits E to 
predict the next response. For exam- 
ple, if the four-trial pattern indicates 
that S is hypothesizing that the large 
stimulus is correct, it is necessary only 
to see on which side the large stimulus 
is appearing in the next trial to predict 
the next response. This prediction was 
made for all the interpretable patterns 
(ie., the non-3-1 patterns) and was 
correct 97.5% (3,461 out of 3,550) 
of the trials. Given that 2% of the 
responses will be erroneous on any 
one trial, this set of predictions is es- 
sentially perfect. 

The effects of outcomes.—The con- 
sistency of these data attests to the 
plausibility of a general H model. 
Further confirmation can come from 
consideration of commonly presumed 
properties of H testing. Connotations 
of the concept of H testing are that an 
H when confirmed is retained for fur- 
ther testing, and when disconfirmed is 
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Fic. 3. The probability that an H is re- 
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rejected for another. Indeed, these 
connotations are incorporated as as- 
sumptions in Restle's (1962) theory. 
He assumes that when S is told right 
he keeps the H sampled; when he is 
told wrong he returns the H to the 
set and takes a new random sample. 
These presumed effects of'right and 
wrong may be directly determined by 
comparing the Hs before and after 
each outcome. These effects are shown 
in Fig. 3. The top curve describes 
the probability that two successive Hs 
(the first and second or the second 
and third) are the same when E said 
right after the response on the inter- 
vening outcome trial? The overall 
proportion, based on 1112 cases, is 
.95. The bottom curve in Fig. 3 shows 
the analogous set of probabilities when 
a wrong was said. The overall pro- 
portion, based on 1,027 cases, is .02. 
It is evident that the single outcome 
pushes S to one of two extremes. The 
H is conditioned and extinguished, so 
to speak, with almost perfect efficiency. 

This result shows that Restle's as- 
sumption, that the effect of right is 
to cause S to keep his H, is reasonable 
for the present situation. His assump- 
tion about the effect of wrong, how- 
ever, is not. He assumes that S 
resamples with replacement, which im- 
plies that the mean of the bottom 
curve in Fig. 3 should be .125. The 
mean, of course, is much lower than 
this, indicating that S seeks a new H 
without first replacing the old. Fur- 
ther substantiating a nonreplacement 


2The curve was computed only from the 
interpretable response patterns. The precise 
probability estimated is: P(H: =H) 
given a right on the intervening outcome 
trial, the response pattern on Set i or i+1 
is not 3-1, and the response on the inter- 
vening outcome trial is consistent with (ie. 
predictable from) Hi. Except that a wrong 
is given on the intervening outcome trial, the 
bottom curve in Fig. 2 is based on the same 
conditions. 
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assumption is the result that the rejec- 
tion of an incorrect H lasts beyond one 
outcome trial, If wrong is said after 
both the first and second H, Hg not 
only will be different from H but will 
also tend to be different from Hi: 
P(Hg = Hi | -28) = 04. 

The foregoing has established that 
the H is a viable concept. Hypothe- 
ses are detectable from choices and 
their responsiveness to outcomes is 
measurable. It is possible now to go 
beyond this description to the delinea- 
tion of more complex processes. In 
order to appreciate the significance of 
the phrase “more complex processes” 
it is valuable to reconsider Restle’s 
theory. In it whenever S resamples, 
i.e., following a wrong, he does so after 
replacing his hypothesis in the H set. 
After a wrong, S never analyzes the 
previous information received, and 
does not, therefore, reject Hs from 
consideration, In effect, the size of 
the set from which S resamples is 
constant and is the same as it was 
at the outset of the experiment. 

The simplicity of this view provides 
a useful background against which to 
evaluate the ability of S to analyze in- 
formation. As an illustration of such 
information analysis consider the se- 
lection of H, after E says wrong on 
Trial 1. By the nature of the stimuli 
four Hs are characterized as wrong 
and four by implication are right. The 
probability that Hı is one of the four 
Hs designated as correct is found to 
be .873. If this probability were 1.0, 
the number of Hs from which S re- 
sampled, N(H1), would be a maxi- 
mum of four; if it were .80, N(H3) 
would be a maximum of five (four 
correct Hs out of five). These results 
follow from the assumption that the 
probability of choosing one of the four 
Hs defined as correct after Trial 1 
is equal to four divided by N(H). 
Symbolically, P(Hit) = 4/N (H3). 
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Since P(Hi4-) = 873, N (H1) = 4.6. 
This value should, of course, be inter- 
preted as the mean size of the func- 
tional H set when S resampled, i.e., 
after E said wrong, on Trial 1. It is 
natural to inquire next whether S uti- 
lizes information received over several 
previous trials when subsequently re- 
sampling. One expects, of course, that 
with succeeding outcome trials $ can 
learn that more and more Hs are in- 
correct and, correspondingly, can re- 
duce the size of the functional H set. 
When he resamples after a wrong, the 
later the wrong appears the smaller 
should N(H;) be. The equation just 
given generalizes quite naturally to 
P(H,+) = N(HoF) / N(H,), where 
N(H;+) is defined as the number of 
logically correct Hs after the ith out- 
come, With internally orthogonal 
stimuli N(H;4-) is four after one out- 
come, two after two outcomes, and one 
after three outcomes. JP(Hjt) is 
taken from the obtained proportion of 
H; which are logically correct. 

The possible systematic reduction in 
N(H;) is not unlike the process de- 
scribed by Bruner, Goodnow, and 
Austin (1956) as focusing. In their 
experiments Ss worked on similar 
problems but were instructed to state 
(by writing symbols) their Hs at each 
trial, The focusing Ss wrote in such 
a way as to retain at each successive 
trial only those Hs indicated as cor- 
rect on all the preceding trials. As 
Hs were shown to be incorrect they 
were permanently rejected. In the 
present experiment, because the stimuli 
are internally orthogonal, each out- 
come would permit a perfect focuser 
to reduce N(H;) by half. The task, 
then, of determining N (H;) after each 
wrong is essentially the task of deter- 
mining the extent to which this focus- 
ing process occurs during the first 
three outcome trials of the present 
experiment. 
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Fic. 4. The size of the set, N (H+), from 
which S is sampling H: immediately follow- 
ing a wrong, ie, after —,—see text for the 
determination of N (H+). 


The value of N(H;) following a 
wrong at the ith trial is presented in 
Fig. 4. This figure contrasts the ob- 
tained curve with that to be obtained 
if no information from outcome trials 
were utilized in resampling (the top 
curve) and that to be obtained if all 
Ss were perfect information retainers 
and analyzers (the bottom curve). A 
steady reduction in N(H;) is seen, al- 
though Ss are by no means perfect 
focusers. Each point is based on al- 
most 600 observations, and the de- 
crease is highly reliable. Thus, S is 
not only rejecting the H manifested 
after a wrong (cf. Fig. 3) but is re- 
jecting other Hs not manifested. 

The last finding evaluates the de- 
gree to which S retains and analyzes 
earlier information when he resamples, 
ie. when E has just said wrong.. The 
effects of a right will now be consid- 
ered in greater detail. Figure 3 com- 
pellingly suggested that when E said 
right S simply retained the same H 
he had manifested. There is evidence, 
however, that S is doing more than 
this, that he is attempting to store the 
information of the trial and to collate 
it with that of previous outcome trials. 
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He is, in a word, focusing. Figure 5 
shows the probability of selecting Hs 
correctly, after a wrong on the third 
outcome trial, as a function of the 
number of rights announced during the 
first two outcome trials. It is clear 
there that the more often E previously 
said right the more likely S is to select 
the only H consistent with all the pre- 
ceding information. Since the proba- 
bility of choosing the correct H is one 
(the number of logically correct Hs 
aíter three outcome trials) out of 
N(Hs), N(Hs) is the reciprocal of 
the obtained probabilities. For con- 
venience this is scaled at the right of 
Fig. 5. (Hs) decreases from four 
after zero right to a mean of 225 
after two right. The S, it is clear, not 
only uses the outcomes to reject sev- 
eral incorrect Hs, but he rejects more 
when he has been told right than when 
he has been told wrong. This effect 
has also been obtained by Richter 
(1965) in an experiment without 
blank trials. He found that the more 
the S received information by being 
told right rather than wrong, the more 
likely he was to be correct on a test 
trial. These results contradict an im- 
portant implication in recent mathe- 
matical models, Bower and Trabasso 
(1963) and Estes (1964) have noted 
that their models imply that learning 
occurs only on errors. This statement 
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Fic. 5. The probability that Hs is the cor- 
rect H following wrong on Trial 3 and with 
0, 1, or 2 rights on the first two outcome 
trials. 
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has reference to the process portrayed 
in Fig. 3, in which S resamples Hs, 
and can go from the incorrect to the 
correct H, only when wrong. Figure 
5 shows, however, that S not only is 
learning, in the sense of eliminating in- 
correct Hs from the total set, when 
right, but that he learns more effec- 
tively when right than when wrong. 


Outline of a theory.—It was assumed at 
the outset only that S samples Hs and re- 
tains the H during blank trials. Clearly, 
other processes must be postulated to ac- 
count for the effects of outcomes, particu- 
larly for the results that the size of the 
set was smaller after each successive out- 
come (cf. Fig. 4) and that the reduction 
was performed more efficiently following 
a right than following a wrong (cf. Fig. 
5). These results, data from other ex- 
periments, and postmortems with Ss sug- 
gest the nature of these processes. 

1. The S codes the stimuli paired with 
an outcome. The coding process is prob- 
ably of the sort proposed by Haber 
(1964), and by Glanzer and Clark 
(1964). Thus, S on being presented with 
a pair of stimuli (e.g, a large black X 
on the left and a small white T on the 
right), may silently rehearse "large black 
X on the left." 

2. The S codes aspects of only the 
stimulus chosen. More specifically, he 
codes the intersect of the functional H 
set and the stimulus chosen. Consider 
these examples: (a) Example 1: On the 
first trial of a problem the pair of stimuli 
are a large black X on the left and small 
white T on the right. If the functional 
set initially consists in all eight Hs, S 
choosing the left stimulus will memorize, 
ie, code, “large black X on the left”; S 
choosing the right stimulus will code 
“small white T on the right.” (b) Ex- 
ample 2: Suppose the stimuli just de- 
scribed are presented on the third out- 
come trial and S, from the previous two 
outcome trials, has eliminated everything 
but small, black, and X. He would code 
the intersect of this set with the stimulus 
chosen: Upon choosing the left stimulus 
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he would code “black X"; upon choosing 
the right stimulus he would code “small.” 

3. Outcomes produce their effects upon 
the coded material. (a) If E says “right” 
S now stores the material just coded as 
the new functional H set, i.e., as the total 
set of correct Hs. This automatically 
eliminates without further effort the in- 
correct Hs. In Example 1, above, S who 
chose the left stimulus and was then told 
tight might simply continue to rehearse 
“large black X on the left" (b) If E 
says wrong S must recode. He does this 
by eliminating the just-coded material 
from the functional H set, (or to put it 
another way, he finds the complement of 
the just-coded material in the H set held). 
Consider again Example 1. After a 
wrong on Trial 1, S must perform what 
the reader performs when told “large- 
black-X-on-the-left is wrong. What is 
right?” He must find the other levels. 

A wrong, with the consequent need for 
recoding, produces three disadvantages 
relative to the effects of right. The re- 
coding requires time, the translation may 
be incomplete, and the material first 
coded may not be completely erased. Fol- 
lowing a wrong, therefore, the new func- 
tional H set will be more likely to have 
a larger proportion of incorrect Hs than 
following a right. This, of course, is 
precisely what was demonstrated in Fig. 
5. One would expect also that too short 
an intertrial interval, ie, between the 
wrong and the next stimulus, would cut 
down the recoding time and would, there- 
fore, impair learning. This result, al- 
though in the context of a four-response, 
successive-discrimination experiment, has 
been obtained several times by Bourne 
and Bunderson (1963) and Bourne, Guy, 
Dodd, and Justesen (1965). 

In conclusion, it is proposed that a 
theory of information processing is needed 
to account for the present results. The 
presumed processes are: (a) the S codes 
the stimuli followed by an outcome; (b) 
he codes only the intersect of the stimulus 
chosen and the H set held; (c) if told 
right S takes the material just coded as 
the new H set from which to sample; if 
told wrong he tries to recode, i.e., tries to 
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select for rehearsal and storage the com- 
plement of the just-coded material. 


REFERENCES 


Bourse, L. E, JR, & BuwpERsoN, C. V. 
Effects of delay of informative feedback 
and length of postfeedback interval on con- 
cept identification. J. exp. Psychol., 1963, 
65, 1-5. 

Bourse, L. E., Jr., Guy, D. E., Dopp, D. H. 
& Justesen, D. R. Concept identification : 
The effects of varying length and informa- 
tional components of the intertrial inter- 
val. J. exp. Psychol., 1965, 69, 624-629. 

Bower, G., & Trasasso, T. Concept identi- 
fication. In R. C. Atkinson (Ed.), Studies 
in mathematical psychology. Stanford: 
Stanford Univer. Press, 1963. Pp. 32-96. 

Bruner, J. S., Goopnow, J. J., & AUSTIN, 
G. A. A study of thinking. New York: 
Wiley, 1956. 

Estes, W. K. Probability learning. In 
A. W. Melton (Ed.), Categories of hu- 
man learning. New York: Academic 
Press, 1964. Pp. 89-128. 


GLANZER, M., & Crarx, W. H. The verbal 
loop hypothesis: Conventional figures. 
Amer. J. Psychol., 1964, 77, 621-626. 

Haser, R. N. Effects of coding strategy on 
perceptual memory. J. exp. Psychol, 
1964, 68, 357-362. 

KrwpLEg, H. H., & Kenner, T. S. Vertical 
and horizontal processes in problem solv- 
ing. Psychol. Rev., 1962, 69, 1-16. 

Levine, M. Mediating processes in humans 
at the outset of discrimination learning. 
Psychol. Rev., 1963, 70, 254-276. 

Levine, M., Lerrenserc, H., & RrcurrER, M. 
The blank trials law: The equivalence of 
positive reinforcement and nonreinforce- 
ment. Psychol. Rev., 1964, 71, 94-103. 

RrsrLE, F, The selection of strategies in 
cue learning. Psychol. Rev., 1962, 69, 
329-343. 

Ricuter, M. Memory, choice, and stimulus 
sequence in human discrimination learning. 
Unpublished doctoral dissertation, Indiana 
University, 1965. 


(Early publication received July 22, 1965) 


Journal of Experimental Psycholo; 
1966, Vol. 71, No. 3, 339-342 E 


PROBABILITY MATCHING IN CONCEPT IDENTIFICATION 


J. BROWN GRIER! anp ROBERT BORNSTEIN 
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In an initial experiment, results were obtained in accord with the all-or- 
none concept-identification model proposed by Bower and Trabasso. 
A 2nd experiment, using the same stimuli presented in the same order, 
indicates that a significant behavior change (an increase in correct 
responses) can take place while Ss remain in the presolution "guessing 


state." 


During this presolution guessing state, Ss utilize information 


about the relative frequency of occurrence of the different stimuli to 
modify their base rates of responding. This probability matching seems 
to be a prerequisite to correct concept identification. 


Bower and Trabasso (1964) have 
stated the critical distinction between 
the all-or-none and incremental theo- 
ries of concept identifications as this: 
According to the all-or-none theory, the 
performance of an individual S should show 
no improvement over trials before he learns; 
according to an incremental theory, the per- 
formance of the individual S should improve 
monotonically with practice [p. 35]. 

Assuming an all-or-none model, 
they identify the distribution of the 
total number of errors before correct 
identification of a concept; a geo- 
metric distribution with parameter f. 

Drews (1964) has recently pre- 
sented the maximum likelihood esti- 
mate for p, which permits a powerful 
test of the form of the error distribu- 
tion predicted by Bower and Trabasso. 

Two experiments will be reported. 
The results of the first are in accord 
with the Bower and Trabasso model. 
In the second experiment, which used 
the same stimuli presented in the 
same order, a situation arises in which 
there is an improvement in the aver- 
age probability of a correct response; 
yet this increase is consistent with the 
assumption that Ss remain in a guess- 
ing state until correct identification. 


METHOD 


Thirty students from the introductory 
psychology classes at the University of 


1 Now at Northern Illinois University. 


Louisville served as Ss as part of their course 
requirements. 

The stimuli were geometric figures that 
varied along three dimensions—form, orienta- 
tion, and location. Each dimension could 
assume two values: the form could be either a 
cross or a circle, an enclosing rectangle could 
be oriented either horizontally or vertically, 
and the pair could be located either to the 
left or right of a vertical center line. The 
23 = 8 different stimuli were randomized into 
10 blocks of eight, with the restriction that 
each stimulus appear once in every block. 
The stimuli were projected onto a movie 
screen around which Ss were seated. 

Each stimulus was presented for 5 sec., 
after which Ss indicated on an answer sheet, 
whether that stimulus was an “A” or “B.” 
When all 5s had responded, the correct label 
was given by E and the next stimulus pre- 
sented, Using this general procedure, two 
experiments were performed. 

In Exp. I, all stimuli containing a cross 
were named A. This discrimination could be 
performed correctly by identifying either the 
cross as an A or the circle as a B; the dimen- 
sions of orientation and location were ir- 
relevant. For Exp. IJ, stimuli which had a 
cross within a horizontally oriented rectangle 
were called A, and all other stimuli were called 
B. This task could be performed correctly 
either by identifying the cross within a 
horizontal rectangle as an A, or by identifying 
all other stimuli as Bs; the dimension of 
location was irrelevant. In both experiments 
the same stimuli were presented in the same 
order; only the feedback given by E changed. 


RESULTS 


Experiment I.—The distribution of 
errors by blocks of 10 trials is given 
in Table 1. The maximum likelihood 
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TABLE 1 
FREQUENCY or Errors (BLOCKS or 10 RESPONSES) 


Block Number 
1 2 3 4 5 6 7 8 
Exp. I (N = 18) 54 34 18 13 11 6 6 2 
Exp. II (N = 12) 43 30 23 23 23 20 22 10 


estimate of p, the parameter of the 
geometric distribution, is p = .38, and 
a goodness-of-fit test indicates that 
the hypothesis of a geometric error 
distribution cannot be rejected (x? 
= 4.58, .75 > p > .50). 

There are four additional kinds of 
evidence which indicate Ss remained 
in a guessing state until their last 
error. First, observation of the data 
showed no identifiable response pat- 
terns. Secondly, the backward learn- 
ing data, given in Table 2, do not 
differ significantly (x? = 2.30, .95 
> p> .90) from the chance level 
of 50% correct; there is no gradual 
increase in the number of correct re- 
sponses up to the last error. Third, 
there is no information transmitted 
by Ss’ responses up to the last error: 
H (t) = .000 bit/stimulus. Fourth, 
the data on sequential dependencies 
given in Table 3 indicate that the 
hypothesis of first-order sequential 
independence in the 10 responses 
before the last error cannot be re- 
jected (x? = .81,.50 > p > .25). The 


higher conditional probability of B 
reflects the slightly greater frequency 
of this response; p (B response) = .51. 
The behavior of Ss in this experiment 
agrees with predictions based on the 
Bower and Trabasso model. 
Experiment II.—For the error dis- 
tribution in Exp. II (see Table 1), 
P —.26, and a goodness-of-fit test 
rejects the hypothesis that errors are 
geometrically distributed (x? — 41.80, 
p «.005) The backward learning 
data for Exp. II (see Table 2) shows 
a significant (x? = 21.62, p < .005) 
increase in the percentage of correct 
responses over trials. However, this 
increase does not result in the trans- 
mission of any information about the 
stimulus; H (t) = .000 bit/stimulus 
for the responses before the last error. 
This apparent discrepancy is inter- 
preted as a change in the guessing 
habits of Ss. Early in the experiment 
Ss emit about an equal number of A 
and B responses for the first 10 trials, 
P(Aresponse) = .44. In such a guess- 
ing state the expected probability of 


TABLE 2 
BACKWARD LEARNING DATA (By BLOCKS or 10 BEFORE THE LAST ERROR) 


Block before Last Error 


Exp. I 
Bercentage Correct 


2 57 

1 4 
Exp. II 

ercentage Correct 63 59 

N 12 8 


52 55 70 70 50 40 
4 4 2 2 1 1 
61 65 59 58 47 54 
8 6 6 5 4 4 
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TABLE 3 


SEQUENTIAL DEPENDENCY DATA For Exp. I 
(FOR THE Last 10 RESPONSES 
BEFORE THE LAST ERROR) 


Response n +1 


Conditional 
Response a Probability of a “B” 
A B on Trial x +1 
A 22 27 299 
B 22 22 +50 


a correct response by chance alone is 
P (C) = .530, and the obtained value 
for the first 10 responses is P (C) 
= .527. However, as Ss gain experi- 
ence with the actual frequency of 
occurrence of A and B stimuli, their 
response frequencies begin to proba- 
bility match the stimulus frequencies. 
The P (A Response) = .24. In a 
probability-matching state the ex- 
pected probability of a correct re- 
sponse by chance alone is P (C) 
= .625, and the obtained value for the 
10 responses before the last error is 
P (C) = .626. For Ss who did not 
have 20 responses before the last error, 
half the responses were scored in each 
category. 

It seems that Ss remain in a guess- 
ing state, transmitting no information 
about the stimulus identity until their 
last error, and that the observed 
increase in correct responses is the 
result of a change to Ss’ base rate of 
emitting As and Bs from approxi- 
mately equal emission, to probability 
matching their occurrence as stimuli. 


DISCUSSION 


In Exp. I, the average stimulus in- 
formation is H (s) = 1.000 bit/stimulus; 
and in Exp. II, H (s) = .811 bit/stim- 
ulus. Since the rate of gain of informa- 
tion is different in the two experiments, 
comparisons should be based on the 
amount of information presented, not the 
number of trials. The number of correct 
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responses as a function of H (s) is shown 
in Table 4. 

Given the same amount of information, 
Ss in Exp. II make fewer correct re- 
sponses than Ss in Exp. I. Also, Ss in 
Exp. II transmit less information, H (t) 
= .193 bit/stimulus, than do Ss in Exp. 
I, H (t) = .596 bit/stimulus. The poorer 
performance of Ss in the second experi- 
ment can neither be attributed to loss of 
information through forgetting, nor, as 
Hovland (1952) has suggested, to the 
fact that Ss are not able to utilize all the 
information in negative instances. The 
data (Table 4) indicate that both groups 
are using equal amounts of additional 
information to eliminate equal amounts 
of error, which they should not be able to 
do if Ss in Exp. II were remembering (or 
utilizing) only part of the information 
they receive, 

The correct explanation of the poor 
performance of Ss in Exp. II seems to be 
that they must utilize some of the stim- 
ulus information (viz., information about 
the relative frequency of occurrence of 
the alternatives) to modify their base 
rate of responding so that it probability 
matches the frequency of occurrence of 
the alternatives. Once this change had 
been made, they were able to utilize the 
information presented as efficiently as did 
Ss in Exp. I. 

A clear interpretation of this base-rate 
change in terms of the earlier distinction 
between incremental and all-or-none 
theories is difficult. While an incre- 


TABLE 4 


CUMULATIVE PERCENTAGE OF CORRECT 
RESPONSES AS A FUNCTION OF 
INFORMATION PRESENTED 


Cumulative Percentage Correct. 


Amount 
Information 

(SUBE Erp: 1 Exp. II Diff. 
10 70 63 7 
20 76 69 7 
30 80 13 7 
40 84 4. 7 
50 85 78 7 
60 87 79 8 
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mental theorist could argue that the 
probability matching represented a grad- 
ual change in Ss' behavior toward the 
correct identification, the all-or-none 
theorist could properly insist that Ss 
remained in a guessing state until correct 
identification. Certainly any serious 
attempt to understand concept identi- 
fication via mathematical models will 
require the inclusion of a mechanism to 
account for this change of behavior in the 
presolution "guessing state," 
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VISUAL AND PRONOUNCING RESPONSES, AND THE 
RELATION BETWEEN ORIENTING TASK AND 


PRESENTATIONS IN INCIDENTAL 
LEARNING! 


ARNOLD MECHANIC anp JOANNE D'ANDREA 
California State College, Hayward. 


Incidental learners were exposed to a heterogeneous list of 24 multi- 
colored trigrams by 3 divergent orienting tasks which required S to 
respond to: (a) characteristics of the visual configuration (V); (b) pho- 
netic characteristics (P); or (c) no specified dimension, but to make 
certain guesses (G). With 1, 2, or 3 presentations, 9 groups of 15 Ss 
each were used in a 3 X 3 factorial design. Learning increased directly 
with the degree to which “pronouncing responses" were facilitated 
by the orienting task, with remarkably little learning occurring in the 
V situation. Presentation level was also a significant variable. A 
significant interaction, found between the two variables, explicates 
conflicting findings in previous experiments on the role of presentations 
in incidental learning. Through its control of S's response activities, the 


orienting task determines the effectiveness of added presentations. 


A series of previous experiments 
have indicated that overt or covert 
pronouncing responses to verbal items 
can greatly facilitate response learning 
(Mechanic, 1962a, 1962b, 1964). 
Pronouncing responses were described 
as hypothetical responses by S so that 
he reacts to each set of letters as a 
single pronounceable unit. Deese 
(1964) suggests a similar notion when 
he invokes “representational re- 
sponses” to account for the effects of 
instructions to learn, stating that: 


Representational responses may be overt or 
implicit; if they are implicit they are un- 
articulated phonemic equivalences of some 
potentially overt response, and, as such, bear 
some simple direct relation to visual or 
auditory material. They are not merely 
visual or auditory stimulus traces, however, 
«+ Ep. 204]. 


In empirical terms, Mechanic (1964) 
was able to show that, with pro- 
nounceable items, the facilitation pro- 
vided by learning instructions (supe- 


1This work was supported by Research 
Grant GB-1135 from the National Science 
Foundation, 


riority of intentional over incidental 
learners) can be explained in terms of 
an increase in the frequency of the 
pronouncing responses made by S. 
When both incidental and intentional 
learners were induced to make pro- 
nouncing responses at a high rate, 
incidental Ss learned as efficiently as 
intentional Ss. But when comparable 
groups, exposed to the same stimulus 
list, were not induced to make a high 
rate of pronouncing responses, inci- 
dental learners performed far less 
efficiently than intentional learners. 
The Ss in that experiment were in- 
duced to make pronouncing responses 
by the requirement that they repeat 
each item aloud over and over again 
for the entire presentation period of 
over 11 sec. The data obtained sup- 
ported the hypothesis that learning 
instructions facilitate learning by es- 
tablishing in S a set to make pro- 
nouncing responses. An alternative 
interpretation would be that Ss re- 
peating an item over and over for 11 
sec. are effectively increasing the 
number of repetitions of that item, 
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and that it is repetitions per se rather 
than pronouncing responses which 
facilitate the learning. It is known 
that increasing the number of repeti- 
tions of an item, either when it is 
presented by itself or in a list, in- 
creases the recall of that item (Peter- 
son & Peterson, 1959; Waugh, 1962). 
The question then reduces to one 
regarding the nature of the repetitions 
themselves. If we are speaking of 
repetitions of pronouncing responses, 
then the ‘‘repetition’’ and ‘‘pronounc- 
ing response" hypotheses are in- 
distinguishable. But if we conceive 
the repetition to be the reiteration of 
a visual stimulus trace, the two 
hypotheses should have quite separ- 
able empirical consequences. 

The problem being raised here 
involves the psychological processes 
occurring during the learning of 
verbal responses. According to one 
view (Hebb, 1961), e.g., a single 
exposure of materials can produce a 
“lasting aftereffect" which is further 
described as a "structural trace which 
can be cumulative." Such a struc- 
tural trace presumably could mediate 
the phenomena of both immediate and 
longer-term memory. The question 
being raised in the present experiment 
is whether S can learn passively by the 
imprinting upon him of a sensory 
image or trace, or whether he has to 
make some response in order for 
learning to occur. In the event that 
S must make an active response, could 
it be some kind of visual response 
rather than the hypothesized pro- 
nouncing response? Such visual re- 
sponses presumably could include 
Scanning or eye-movement patterns. 
Because it does not appear possible 
with verbal items, at least at the 
behavioral level, to distinguish visual 
traces from visual responses, we will 
use the term, “visual responses," to 
encompass both kinds of notion. The 
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problem will then be to determine the 
effectiveness of these "responses" for 
learning as compared with pronounc- 
ing responses. Through manipulation 
of the orienting tasks by which S is 
exposed to incidental stimuli, “visual” 
and "pronouncing" responses can be 
operationally defined and experiment- 
ally contrasted. These procedures 
were employed in this experiment in 
order to investigate the importance 
for response learning of different types 
of responses to the items by S. Be- 
cause the data described above indi- 
cate that learning instructions produce 
a set to make pronouncing responses, 
it was necessary to study incidental 
learning in order to evaluate the ef- 
fectiveness of these different responses. 
In addition to orienting task, num- 
ber of presentations was varied in 
order to study its cumulative relation- 
ship to the learning produced by the 
various modes of response. Previous 
incidental learning experiments show 
conflicting results with regard to 
whether recall increases significantly 
with presentations (Brown, 1954; 
Mechanic, 1962a, 1962b; Postman & 
Adams, 1958). It has been hypothe- 
sized that these divergent findings are 
related to the responses required of S 
by the different orienting tasks (Me- 
chanic, 1962a; Postman, 1964). The 
employment of different orienting 
tasks in this experiment, requiring a 
wide range of response patterns, 
should permit direct observation of 
the relationship between number of 
presentations and orienting task. 


METHOD 


General design.—Different groups of in- 
cidental learners were exposed to a stimulus 
list by means of three divergent orienting 
tasks. The three orienting tasks were chosen 
so as to differ in the kinds of responses that 
they required of S. In brief, different groups 
of Ss were required to respond to: (a) visual 
characteristics of the stimuli; (b) phonetic 
characteristics of the stimuli; or (c) in an 
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optional manner. All aspects of the stimulus- 
list exposure were identical for the three 
orienting-task conditions. For each orienting 
task, different groups of Ss received. varying 
numbers of presentations of the list (1, 2, or 3). 
Nine groups of 15 Ss each were used in a 
standard 3 X 3 factorial design. 

A list of 24 multicolored trigrams was pre- 
sented once, twice, or three times to each S. 
The trigrams were multicolored in the sense 
that they were combinations of individual 
letters colored red, yellow, and green. Differ- 
ent groups of Ss were exposed to the list by 
means of the three orienting tasks described 
below. Insofar as was compatible with our 
manipulation of the independent variable, the 
instructions were parallel for the different 
orienting tasks. Without prior warning, an 
immediate test of free recall was administered 
upon completion of stimulus presentation. 
The test did not involve colors, and .S's 
incidental learning score depended only on 
the number of correctly reproduced letter 
sequences. 

Orienting tasks.—The three orienting tasks 
were devised so as to vary the frequencies of 
"visual" and “pronouncing” responses made 
by S. The operations involved in the three 
orienting tasks should serve to further clarify 
the nature of these hypothetical responses. 

The orienting task devised to emphasize 
response to the visual configuration will be 
called Visual (V). The V Ss were told that 
E was studying the visual attractiveness of 
the three-letter words. (The trigrams were 
referred to as words, in all the experimental 
conditions, in order to insure that the unitary 
characteristic of the trigrams was pointed out 
equally in the instructions for all Ss in the 
experiment.) The Ss were asked to rate, on 
a 5-point scale, the attractiveness of the total 
visual configuration of the word. They were 
told to make their ratings on the basis of a 
combined judgment involving both the colors 
and shape of the word. It was specifically 
requested that they ignore the background, 
and deal only with the word itself. 

The V orienting task was designed to 
emphasize visual responses to the items while 
minimizing the frequency of pronouncing 
responses. Another orienting task, which was 
designed to have the opposite effect, will be 
called Pronouncing (P) The P condition 
was identical to the V condition in all aspects 
but one. The P Ss rated the attractiveness 
of the sound of each item instead of the 
attractiveness of the visual configuration. 
Because the stimuli were presented visually, 
S was required to pronounce the item to him- 
self in order to make this rating. 
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If one conceives of a continuum of modes 
of response from visual responses at one end 
to pronouncing responses at the other, the 
V and P orienting tasks may be viewed “as 
falling at the two ends, respectively. A third 
orienting task was designed to produce pat- 
terns of response somewhere between the two 
extremes. It was believed that an ambiguous 
task, in which S could respond to the items 
in a variety of ways, should fall between the 
V and P tasks. In a third condition called 
Guessing (G), Ss were required to rate, on a 
5-point scale, the likelihood that each word 
was represented in a sealed envelope in which, 
allegedly, only half of the words were included. 
The situation was described to these Ss as an 
extrasensory perception experiment, and they 
were not instructed in the manner by which 
they were to make their ratings. There are 
previous data which are consistent with the 
assumption that many Ss use pronouncing 
responses to help them make such guesses 
(Mechanic, 1962b). However because such 
responses were not required as they were for 
the P Ss, they should be of lower frequency 
for the G group. At the same time, the G Ss 
clearly can be expected to make more pro- 
nouncing responses than the V group, which 
is specifically required to respond to non- 
phonetic characteristics of the stimuli. With 
the exception of the characteristic of the 
stimuli rated by S ("likelihood" rather than 
“attractiveness”), the procedures for the G 
condition were identical to those for the V 
and P conditions. 

Materials.—The stimulus materials con- 
sisted of a mixed list of 12 high-frequency and 
12 low-frequency trigrams. The items mak- 
ing up this 24-unit list were from the high- 
and low-trigram lists of Underwood and 
Postman (1960). For the three variations of 
this list, described below, different random 
orders of the items were obtained with the 
only restriction being that the two levels of 
language frequency alternated in an ABBA 
order. 

The items were prepared in three sets of 24 
color slides each. Each 2 X 2 slide presented 
a trigram in which the individual letters were 
arranged in a different combination of colors. 
The colors of individual letters were red, 
yellow, or green. Each variation of the 24- 
unit list included all possible combinations 
of the three colors with the exception that 
the three permutations, in which all letters 
were of the same color, were excluded. With 
exclusion of these three from the 27 possible 
color permutations, each of the remaining 
24 combinations was assigned to a different 
member of the list. 
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The set of slides in the first variation of the 
list was made by randomly assigning each 
color permutation to a different item in the 
list. The second variation of the list was 
constructed by randomly assigning each of the 
color permutations that had been assigned to 
the high-frequency items in the first set to the 
low-frequency items; and randomly assigning 
all of the color permutations that had been 
assigned to the low-frequency items in the 
first set to the high-frequency items of the 
second set. 

The third variation of the list was con- 
structed by randomly selecting six color 
permutations assigned to the high-frequency 
items and six permutations assigned to the 
low-frequency items in the first set, and ran- 
domly assigning them to the high-frequency 
items, The remaining 12 permutations of the 
first set were assigned to the low-frequency 
items of the third set, The only restriction 
on random assignment was that no trigram 
was permitted to have the same color permu- 
tation on more than one variation of the list. 
The slides were made by photographing 
colored block letters against a white back- 
ground. 

In this manner, three different orders of 
the 24 items were obtained such that the 
trigram frequency alternated in an ABBA 
sequence, and a different color pattern was 
assigned to each trigram on each order. The 
Ss in the one-presentation groups received 
the first order only; Ss in the two-presentation 
groups received both the first and second list 
variations; Ss in the three-presentation 
groups received all three variations. 

Procedural details.—The multicolored tri- 
grams were presented for 3 sec. each with 1 
sec. between exposures, during which the 
screen became dark. The slides were pre- 
sented automatically by a Bausch and Lomb 
655 projector to groups of Ss. Each S was 
given a rating sheet, on which he rated each 
item as it was presented to him on a 5-point 
scale labeled from “very unpleasant" to “very 
pleasant" (or “very unlikely" to “very likely" 
in the case of the G Ss). A rating of “3” on 
the scale was labeled “intermediate” pleasant- 
ness or likelihood. Each sheet was made up 
of a series of rating scales numbered from 1 
to 24. Each scale was a horizontal line with 
the numbers 1-5 spaced at equal intervals. 
On each succeeding item, Ss were required 
to make their rating by drawing a line through 
one of the five digits on the appropriately 
numbered scale. They were instructed to 
look at the screen for the entire 3-sec. presen- 
tation period, while considering their rating 
of that item. When the slide went off, they 
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were required to mark their rating during the 
1-sec. interitem interval. If a choice had not 
been made, they were instructed to mark a 
rating of 3 on the scale. The Ss were in- 
structed concerning the rapid rate of presen- 
tation, and were warned in advance that they 
would have only 1 sec. to mark their rating. 
Great stress was placed on keeping pace with 
the stimulus presentation at all times. Each 
S was given one, two, or three rating sheets, 
depending on the presentation condition being 
administered. 

There was a 20-sec. rest interval between 
successive presentations of the list, during 
which E replaced the slide cartridge, and Ss 
turned to the next rating sheet. A 5-min. test 
of free recall was administered 30 sec. after 
the final presentation of the list. There had 
been no prior indication that such a test 
would be forthcoming. The Ss were told to 
write the items down in the order that they 
were remembered, and that their scores would 
depend only upon the number of correct items 
that they wrote down. When the recall test 
was completed, a postexperimental inquiry 
was made to ascertain whether S expected a 
test, or attempted to learn the items for any 
other reason. Less than 5% of the Ss in the 
experiment had to be discarded and replaced 
because they reported either to be the case. 
In addition, less than 4% had to be replaced 
because they did not understand E's instruc- 
tions, or were unable to follow them for other 
reasons. For each of the nine experimental 
conditions, at least three separate groups of 
Ss were tested. These Ss were summer- 
session students at California State College, 
Hayward, who appeared in the laboratory in 
groups varying from three to nine Ss, with a 
median group size of five. Conditions were 
assigned to groups in a random order for each 
replication of the basic experimental design, 
with correction for equal Ns. Because Ss 
were tested in groups, extra Ss were obtained 
in most of the experimental conditions. 
Those used in the analyses were selected 
at random from the total number of Ss in 
each condition, after excluding Ss for the 
reasons described above, or because they 
were in laboratory groups numbering less than 
three members. With 15 Ss in each of the 
nine conditions, the 3 X 3 factorial design 
required a total of 135 Ss. 


RESULTS AND DISCUSSION 


Combined groups.—The means and 
SDs of the number of items correctly 
recalled for each of the orienting-task 
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TABLE 1 
AVERAGE NUMBERS OF ITEMS RECALLED AS A FUNCTION OF ORIENTING TASK 
AND PRESENTATION LEVEL 
Presentation Level 
Total 

Orienting Task One Presentation Two Presentations | Three Presentations 

M SD M SD M SD M SD 
Visual 2.47 1.60 2.73 1,87 5.20 3.84 3.47 2.86 
Guessing | 4.53 3.66 4.80 2.21 5.60 2.90 4.98 2.95 
Pronouncing 5.53 3.56 9.07 2.46 10.60 3.96 8.40 3.94 
Total 4.18 3.18 5.53 3.42 743 4.31 


groups at each of the three presenta- 
tion levels are shown in Table 1. The 
table also presents the total means, 
for the combined groups, for each 
level of each factor. Before proceed- 
ing to a discussion of the overall 
factorial design, it will be of interest 
to look at these total means. They 
were compared, for each experimental 
variable, by Duncan multiple-range 
tests (a = .05) following separate 
analyses of variance. The individual 
comparisons among the orienting 
tasks, F (2, 132) = 26.60, p < .001, 
indicated that the overall V, G, and P 
groups were all significantly different 
from one another. The individual 
comparisons among the presentation 
levels, F (2,132) = 7.21, p < .005, 
indicated the superiority of the com- 
bined three-presentation group over 
both the one-presentation and two- 
presentation groups. The difference 
between the overall one- and two- 
presentation groups approached sig- 
nificance (a separate Duncan analysis 
with a = .10 showed this difference 
above the appropriate range). 

Overall design and treatment com- 
parisons —The overall analysis of 
variance for the data in Table 1 re- 
vealed significant effects of orienting 
task, with F (2,126) = 31.59, p < .001, 
and of number of presentations, with 
F (2, 126) = 10.82, p < .001. The 


interaction between orienting task and 
presentation level, in good part due 
to the relative constancy of G 
performances across presentations, 
approached significance, F (4, 126) 
= 2.28, .05 < p < .10 (with a value 
of 2.44 required to reach the .05 level 
of significance). A Duncan multiple- 
range test (o = .05) was applied to 
the individual means for the nine 
treatments shown in Table 1. At all 
three presentation levels, the P Ss 
performed significantly above the V 
Ss. At two and three presentations, 
they also scored significantly above 
the G Ss. The pronouncing task is 
so effective that it overcomes pres- 
entation-level effects in some of the 
comparisons. With only two pres- 
entations, the P Ss perform reliably 
better than do the V or G Ss with 
three presentations. Similarly the P 
one-presentation group is superior to 
the V two-presentation group. 

The individual comparisons among 
presentation levels show significantly 
better performance for both the 
P-two and P-three groups when com- 
pared with the P-one group. However, 
the difference between P two and P 
three is not significant. There is also 
no difference between the V-one and 
V-two groups, but the V-three group 
is superior to both of these. It may 
be noted here that an extremely 
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deviant score from one S contributed 
disproportionately to the performance 
of the V-three group. If this S’s score 
of 15 were to be excluded from the 
analysis, the mean of 5.20 shown in 
Table 1 would be reduced to 4.50, and 
none of the presentation comparisons 
among the V groups would be signifi- 
cant. Finally, none of the individual 
comparisons among the presentation 
levels were significant for the G Ss. 
The effects of presentations as a function 
of the orienting task.—These incidental 
learning findings for the G groups are 
consistent with those of Postman and 
Adams (1958) in showing no significant 
upward trend as a function of presenta- 
tions. In both situations, the orienting 
task required S to make “‘extrasensory”’ 
guesses about the stimuli, permitting S 
to perform the task without necessarily 
having to respond to the specific stimuli 
exposed. Where such responding is not 
required by the situation, its omission 
could be expected to become more 
frequent with successive presentations, 
as the task becomes more routinized. 
With other types of orienting tasks, 
demanding S's response to the stimulus 
on every stimulus presentation, incidental 
learning has increased regularly with 
presentations. Experiments by Brown 
(1954) and Mechanic (1962a) both 
found substantial increases in incidental 
learning with increased presentations. 
Brown's Ss were required by the orient- 
ing task to pronounce each item aloud, 
while Mechanic's Ss were instructed to 
"pronounce the items to themselves" in 
order to rate their phonetic similarity to 
other items. In both cases, the Ss were 
required to make pronouncing responses 
to each item on every presentation. The 
hypothesis of an interacting relationship, 
between number of presentations and 
the requirements of the orienting task 
(Mechanic, 1962a; Postman, 1964), has 
been formulated on the basis of compari- 
Sons among conflicting findings concern- 
ing the role of presentations in incidental 
learning. The present experiment, in 
and of itself, gives direct support to such 
a hypothesis. The P Ss were required 


to pronounce the items to themselves on 
every presentation in order to judge the 
attractiveness of the sounds. On the 
other hand the G Ss, who were only 
asked to look at the items and make 
guesses, were not required necessarily to 
respond to every item on each presenta- 
tion. The data, showing significant 
presentation effects for P Ss but not for 
G Ss, conform with the hypothesized 
relationship. The interaction, which 
approached significance in the analysis 
of variance, is also in conformity with 
such a hypothesis. However a statistical 
evaluation of these data, with regard to 
the hypothesized relationship, can be 
most clearly accomplished by directly 
studying presentations in relation to the 
P and G conditions only. For this pur- 
pose, the V groups were excluded, and 
the two orienting tasks and three 
presentation levels were subjected to a 
2X3 factorial analysis. As in the 
earlier analysis, orienting tasks, F (1, 84) 
= 25.76, p « .001, and presentations, 
F (2, 84) = 7.03, p < .005, both showed 
significant effects. The critical finding, 
in terms of the hypothesized relationship, 
was the significant interaction between 
presentation level and the two orienting 
tasks, F (2, 84) = 3.21, p < .05. 

It should be pointed out that the V 
condition also showed an increase in 
learning with presentation level, al- 
though the effect was less pronounced 
than for the P condition. The V Ss were 
required to respond to stimulus char- 
acteristics on every presentation as were 
the P Ss. To the degree that their mode 
of response facilitated learning, they 
might be expected to show an effect of 
presentations. It should be remembered, 
however, that if one extremely high- 
scoring S were removed from the V-three 
group, none of the presentation-level 
comparisons would be significant for the 
V condition. In any case, the signifi- 
cantly discrepant effects of presentations 
for the P and G conditions serve to point 
up the relationships involved here. 

Visual responses vs. pronouncing re- 
sponses.—The great superiority of P over 
V learners is quite remarkable, particu- 
larly when the constancies of the stim- 
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ulus exposure, and of the required overt 
behavior, are considered. These data 
certainly conform with the pronouncing- 
response hypothesis which was outlined 
earlier. It is also clear that instructions 
which encourage a visual mode of re- 
sponding produce relatively little learn- 
ing. It may be argued that the V task 
is an impossible one to perform consis- 
tently, particularly under such hurried 
conditions, while the P task, being less 
difficult, can be dealt with in a consistent 
fashion. If this is the case, it is plausible 
that the V Ss would stop responding to 
the items altogether, and begin guessing. 
The first point regarding this explanation 
is that it does not account for the fact 
that the V Ss perform significantly below 
the G Ss, who are instructed to guess. 
Secondly, we have been able to directly 
compare the reliability of V and P ratings 
across presentations, and find no differ- 
ence at all in the ability of Ss to make 
consistent ratings (average product- 
moment coefficients were .59 and .60 for 
P and V groups, respectively). 

Difficulty of learning with the V orient- 
ing task—In an earlier experiment 
(Mechanic, 1962b), an orienting task 
was devised which permitted only small 
amounts of incidental learning. This 
task required S to cancel out certain of 
the letters which were presented in 
trigram form. It had been hypothesized 
that such a situation would produce very 
few pronouncing responses on the part 
of S. In that particular task, S was 
required to respond to each letter in- 
dividually, and was not encouraged to 
respond to the trigram in a unitary 
fashion. The low degree of incidental 
learning may have been due to failure to 
respond to the “unitary” characteristic 
of the trigram, rather than to a paucity 
of pronouncing responses per se. In the 
present experiment, the V task required 
S to respond to each trigram in a unitary 
fashion. This task emphasized unitary 
responding while, at the same time, mini- 
mizing pronouncing responses. However 
learning, in the V task, was far below 
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that for tasks more favorable to the 
production of pronouncing responses. 
Although the V condition showed a sig- 
nificant increase for the three-presenta- 
tion group, this group still learned less 
than half as much as the comparable P 
group. Notwithstanding the instructions 
to respond to the trigram in a unitary 
fashion, the V condition showed remark- 
ably little learning. 
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SERIAL LEARNING AS A FUNCTION OF MEANINGFULNESS 
AND MODE OF PRESENTATION WITH AUDIO AND 
VISUAL STIMULI OF EQUIVALENT DURATION! 


RUDOLPH W. SCHULZ anp RICHARD A. KASSCHAU ? 


University of Iowa 


To shed further light on the role of the “input modality” in the verbal- 
learning process, 126 Ss, 21 per condition, learned 12-item serial lists of 
disyllables which represented 3 levels of meaningfulness (m) and were 
presented to S either aurally or visually. An important difference 
between this study and previous ones is that the duration of stimulation 
under aural and visual conditions was equated with a high degree of 


precision. 


It was found that m and mode interacted reliably in that 


performance with low m material was better under visual than under 
aural conditions of presentation while this trend was observed to be 
reversed with high m material. Serial position and the sex of Ss did not 
interact with either m or mode of presentation. 


The comparative efficacy of the 
aural and visual modalities as “input 
channels" for the learning of verbal 
material has been of interest to 
investigators of verbal processes 
since the turn of the century. 
Nevertheless, a review of this litera- 
ture revealed a paucity of systemat- 
ically related work, only a small 
number of studies that could be 
regarded as employing modern meth- 
odology, and numerous findings of a 
contradictory nature (cf. Day & 
Beach, 1950). Moreover, with the 
exception of a few studies (eg., 
Williams & Derks, 1963), little or no 
effort was made to equate the dura- 
tion of stimulation under aural and 
visual conditions. Instead, the dura- 
tion of stimulation under visual con- 
ditions has usually exceeded the 
duration of aural stimulation by a 
considerable margin and, as a result, 
the comparisons of mode of presen- 


1 The research reported herein was per- 
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tation were confounded by differences 
in stimulus duration. 

It is well established that perform- 
ance is directly related to the dura- 
tion of stimulation under visual 
conditions of presentation (e.g. 
Nodine, 1963). "Therefore, inasmuch 
as the duration of a given aural- 
verbal stimulus is necessarily of a 
relatively fixed length (unless it is 
repeated), it follows that visual stimu- 
lus durations which exceed this fixed 
duration are likely to lead to superior 
performance quite aside from any 
effect due to the modality, per se. 
Recent work (e.g., Peterson, Peter- 
son, & Miller, 1961) demonstrating 
decrements in short-term memory in 
a matter of a few seconds further 
emphasizes the necessity of having 
equivalent durations of stimulation 
in any audio-visual comparison. 

Certain previous investigators (e.g. 
Koch, 1930) were, of course, aware 
of this problem; however, there was 
little that they could do to solve it 
because the equipment needed to 
insure the necessary equivalence of 
stimulus durations has only recently 
been developed. Thus, it is now 
possible, utilizing a specially designed 
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sound-operated relay, to control visual 
exposure duration with the duration 
of an articulation under aural condi- 
tions i.e, the word HAPPY, e.g., can 
be exposed visually for the exact 
length of timeit takes to say, “happy,” 
ete; ; 

The present study is the first of a 
series of related experiments which 
will attempt to systematically explore 
the role of mode of presentation in 
the verbal-learning process with dura- 
tions of stimuli appropriately equated. 
Ultimately the main concern of the 
present program of research will be 
with learning under aural conditions, 
the latter being, as noted previously 
(e.g, Schulz & Martin, 1964), a 
relatively neglected area of research. 
Strategically, it seemed advantageous 
however, to begin this program with a 
series of audio-visual comparisons 
involving variables known to affect 
performance with visual presentation 
so as to identify explicitly those con- 
ditions where differences in perform- 
ance as a function of modality arise. 
The nature of these conditions should, 
in turn, become a fruitful source of 
testable hypotheses regarding the 
processes which govern the learning 
of verbal material received aurally. 
In addition, these comparisons will, 
of course, provide useful empirical 
knowledge in their own right. 

Since meaningfulness (m) is among 
the more “potent” variables affecting 
the learning of verbal materials, the 
possibility of its interaction with mode 
of presentation was investigated in 
the present study. 


METHOD 


Design and subjects. —The basic design was 
a 2 X 3 factorial arrangement of treatments, 
two modes of presentation of the stimuli 
(aural and visual) and three levels of m (low, 
medium, and high). The 126 Ss, University 
of lowa undergraduates, were assigned 
randomly to one of the six groups with the 
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following restrictions: (a) The Nth S was not 
assigned to a given group until all other 
groups contained N — 1 Ss. (b) The groups 
must contain proportionate numbers of male 
and female Ss. The Ss were naive with 
respect to material employed and with respect 
to verbal-learning experiments generally. 
Four Ss failed to complete the experimental 
task, the reasons for these failures being un- 
related to the nature of the treatments (e.g., 
equipment malfunction), they were replaced 
by the next S who came into the laboratory. 

Apparatus and materials.—The three 12- 
item serial lists were the same as the ones 
used by Noble (1952). Their respective 
mean m, as determined by Noble and Parker 
(1960), was 3.19 (low), 6.46 (medium), and 
9.98 (high). To enhance the generality of the 
present results, the items in each of these 
three basic lists were presented in three 
different orders, thus, there were nine lists. 

Under conditions of aural presentation the 
lists were presented through earphones with a 
Norelco (Model EL 3542 A) tape recorder. 
The average sound level at the earphones 
was 51-55 db. The items had been recorded 
at a 2-sec. rate (as measured from the 
onset to onset of successive items) with a 
4-sec. intertrial interval. All items were 
recorded in a uniform tone of voice except 
for a slight drop in inflection for the word 
mEST. This word was presented at the onset 
of the intertrial interval to further differen- 
tiate the end of one trial from the beginning 
of the next. 

When S received the lists via the visual 
mode, the line (inaudible) output of the tape 
recorder was fed into a sound-operated relay 
specifically designed for the present purposes 
by Farrall Instruments Company. This relay 
in conjunction with others, made it possible 
to activate a Dunning animatic (Model B) 
filmstrip projector in a manner such that the 
audio onset of an item resulted in the visual 
presentation of that item and the termination 
of the audio signal similarly terminated its 
visual presentation. Hence, the desired 
equation of audio and visual stimulus dura- 
tions was accomplished throughout. 

Visually, items appeared in white capital 
letters on a gray background except the word 
REST which was in lower case to differentiate 
itfrom thelist proper. The gray background 
remained after an item's presentation was 
terminated. 

Procedure.—Each S was read standard 
instructions for serial learning by the anticipa- 
tion method which were appropriate for the 
conditions to which S had been assigned. All 
Ss were presented the list until they reached 
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Fic. 1, Performance as a function of m and mode of presentation in terms 
of mean numbers of trials to attain successive criteria. 


a criterion of one perfect recitation of the 
list. In the case of low m items, E accepted 
S's pronunciation of an item even if it was 
somewhat "bizarre" provided S used this 
pronunciation consistently. 


RESULTS 


Performance as a function of m 
and mode of presentation is shown 
in Fig. 1 in terms of the mean num- 
bers of trials which were required to 
attain successive criteria. The most 
interesting feature of Fig. 1 is the 
clear evidence of an interaction be- 
tween m and mode of presentation. 
Thus, with low m material, succes- 
sive performance criteria were at- 
tained more rapidly under visual 
conditions of presentation than under 
aural conditions, but in the case of 
high m material this trend was 
reversed. Moreover, this interaction 
when evaluated in terms of the mean 
numbers of trials to reach a criterion 
of one errorless repetition of the list, 


easily meets the standards of sta- 
tistical reliability, F (2, 120) = 4.80, 
p <.01. As was to be expected, m 
was a highly significant source of 
variation in performance, F (2, 120) 
= 40.32, p < .01, with the usual 
direct relationship between it and 
performance being readily evident 
from Fig. 1. 

To assess whether the sex of Ss was 
a variable and/or whether it inter- 
acted with the treatments, the mean 
numbers of trials to reach criterion 
of male and female Ss were considered 
separately in each condition. There 
was no evidence that sex and treat- 
ments interacted. Under aural con- 
ditions, the means were 22.00 and 
21.86 for males and females, respect- 
ively. The respective male and female 
means under visual conditions were 
20.95 and 20.83. - 

The effect of mode of presentation 
on the serial-position curve was also 
determined at each of the three levels 
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of m. Comparisons were made using 
a method suggested by McCrary 
and Hunter (1953) which is particu- 
larly well-suited for the purpose of 
assessing whether the shape of the 
position curve has been affected by a 
variable. This method involves con- 
sideration of relative performance as a 
function of serial position, the relative 
proportions of the total number of 
correct responses which occurred at 
each serial position under a given 
condition. An example of this type 
of comparison is shown in Fig. 2. 
The curves in Fig. 2 represent relative 
performance as a function of position 
and mode of presentation with low m 
material. As may be seen in Fig. 2, 
the relative distribution of correct 
responses with respect to position 
does not appear to have been altered 
by mode of presentation. This is 
true in spite of the fact that there 
were wide differences in absolute 
performance as a function of mode 
with this type of material. The 
curves for medium and high m 
material showed a similar null effect 
due to mode. Moreover, in agree- 
ment with McCrary and Hunter, m 
also failed to affect relative perform- 
ance as a function of position. 


Discussion 


It seems clear from the results of the 
present experiment that the learning of 
a serial list of low m material proceeds 
more rapidly when the list is presented 
visually rather than aurally. Contrari- 
wise, there was a trend toward better 
performance under aural than under 
visual conditions when the lists consisted 
of medium or high m disyllables. Inter- 
estingly, on the basis of an extensive 
survey of the pre-1950 literature on the 
Present topic, Day and Beach (1950) 
concluded, in spite of numerous findings 
to the contrary, that ‘Meaningful, 
familiar material is learned more effi- 
ciently presented aurally, whereas mean- 
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Fic. 2. Example of relative performance 
as a function of serial position and mode of 


presentation with low m material. 


ingless and unfamiliar material is more 
efficiently presented visually [p. 8].” 
The present results are, of course, in close 
accord with this conclusion, Unfortu- 
nately, however, this accord may be 
little more than a matter of coincidence 
rather than further evidence supporting 
a fundamental generalization regarding 
the verbal-learning process. A recent 
study by Williams and Derks (1963) 
gives rise to this pessimistic view. 

These investigators conducted a study 
similar to the present one in that, among 
other things, meaningfulness, defined in 
terms of association value (AV) and rated 
pronunciability (PR), was varied over 
three levels from low to high in conjunc- 
tion with mode of presentation. More- 
over, though durations of stimulation in 
the two modes were not equated directly 
as in the present study, the average dura- 
tions were presumably similar in that a 
constant 1-sec. exposure (the average of 
the aural durations) was used under 
visual conditions. It was found that AV 
interacted with mode; however, the 
nature of this interaction was markedly 
different from the one observed in the 
present study. Namely, performance 
under visual conditions was superior to 
performance under aural conditions at 
the intermediate level of AV and PR 
but not at the low and high levels. In- 
deed, there was a nonsignificant trend 
toward better performance with aural 
than with visual presentation for material 
of low AV. There are, of course, a num- 
ber of potentially important differences 
between the present study and the one 
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by Williams and Derks, differences (e.g., 
the use of paired-associate rather than 
serial learning, CVC trigrams rather 
than disyllables, etc.) which may make 
the foregoing comparison as tenuous as 
the previous one involving the present 
experiment and the wide assortment of 
studies reviewed by Day and Beach 
(1950). Nevertheless, and particularly 
in light of the fact that it is well es- 
tablished that the effects of m on paired- 
associate and serial learning are similar 
(cf., Underwood & Schulz, 1960), it is 
rather surprising that there should be 
such wide disagreement between these 
two studies with respect to the nature of 
the interaction of m with mode of 
presentation. 

In short, it appears evident that it 
will be necessary to gain considerably 
more systematic empirical knowledge 
regarding mode of presentation as a 
variable in the verbal-learning process 
before undertaking the task of attempt- 
ing to provide an explanation of its 
interaction with m in either the present 
or:previous studies. 
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NORMAN KASS anp HELEN WILSON 
San Diego State College 


The purpose of this study was to investigate the influence of number 


of reinforcements upon extinction 


children to pull a lever on a simulated slot machine. 


in a free operant situation requiring 
The variables 


employed were percentage of reinforcement, number of training trials, 


and the presence or absence of a co 


nditioned reinforcer. The significant 


findings of the study indicated that resistance to extinction was inversely 


related to the number of acquisitio: 


n trials for both continuous and inter- 


mittent training, and that a smaller percentage of reinforcement resulted 


in the usual partial reinforcement 


A number of recent studies have 
presented conflicting data concerning 
the relationship between strength of 
a response and level of acquisition. 
Generally, it has been held that 
primary habit strength increases as a 
function of the number of times the 
response is paired with reinforcement, 
although nonmonotonicity has also 
been reported (Ison, 1962; North & 
Stimmel, 1960; Siegel & Foshee, 
1953). There is some evidence that 
an increase in number of trials under 
an intermittent reinforcement sched- 
ule leads to greater resistance to 
extinction while fewer acquisition 
trials are superior under a continuous 
schedule (Bacon, 1962; D'Amato, 
Schiff, & Jagoda, 1962). 

It would also seem reasonable to 
hypothesize, from a conditioning point 
of view, that the power of a neutral 
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effect. 


stimulus to reinforce operant be- 
havior would increase as a direct 
function of the number of times it has 
been paired with primary reinforce- 
ment, but again, the findings are 
equivocal. Miles (1956) found that 
the strength of a conditioned rein- 
forcer was directly related to the 
number of reinforced pairings during 
conditioning, while other investigators 
found no such relationship (Bersh, 
1951; Notterman, 1951). 

The purpose of the present study 
was to investigate resistance to ex- 
tinction in a free operant situation as a 
function of number of training trials, 
percentage of reinforcement, and the 
presence or absence of a conditioned 
reinforcer. 


METHOD 


Subjects. —The Ss were 320 elementary 
school children between the ages of 6.2 and 
7.8 yr., approximately evenly divided by sex. 
The Ss were obtained from schools in the 
San Diego County District. 

Apparatus.—The S panel consisted of a 
simulated slot machine with a handle mounted 
on the right side. Pulling the handle to the 
“down” position dispensed pennies into a 
cup at the bottom of the front panel, A 
plastic hemisphere (dome) protruded from 
the center of the machine. Two 15-w. 
red lamps were mounted directly behind a 


355 


356 


Írosted upper portion of the dome. The 
lower half of the dome was clear and dis- 
played a large number of pennies throughout 
the experiment. The presentation of light 
stimuli, dispensing of pennies, and recording 
of response were controlled by electronic 
programing and recording equipment located 
in a room to the rear of the experimental 
room, 

Two large pegboards displayed approxi- 
mately 50 prizes to each S. The prizes con- 
sisted of toy watches, rings, parasols, fans, 
and other toys of interest to children. 

Design.—The reinforcement schedules were 
100% or 333%; the numbers of training trials 
were 3, 9, 21, 45, or 60. A light stimulus was 
present for half the Ss in each group during 
both training and extinction. The study 
thus employed a 2 X 2 X 5 design with 16 Ss 
in a cell. The Ss were randomly assigned 
by sex to the resulting 20 experimental 
groups. 

Procedure.—Each S was given an acquisi- 
tion and extinction series. During the ac- 
quisition series Ss in the 100% reinforcement 
groups received a penny as reinforcement 
(PR) on each acquisition trial. The Ss under 
the 333% condition received 1, 3, 7, 15, or 20 
random reinforcements. Half the Ss in each 
group received a light stimulus paired with 
the PR during the acquisition series; during 
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Fre. 1. Mean number of responses to 
extinction as a function of percentage of 
reinforcement, number of training trials, 
and the presence or absence of the SR, 
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extinction this stimulus was presented alone 
on a schedule identical to that used during 
training to test for its conditioned reinforce- 
ment (SR) effect. The other half received 
no light stimulus during acquisition or ex- 
tinction. There was no indication from E 
when the acquisition series ended and the 
extinction series began. 

The light was off when the handle was in 
the “up” position. When S pulled the handle 
to the “down” position, the light came on .5 
sec. before the penny was dispensed, and 
remained on for 1 sec. until the coin appeared 
in the reward well. 

The E took each S from his classroom to 
an experimental room located in a quiet 
section of the building. As each S stood 
in front of the apparatus, E pointed to the 
pennies displayed in the dome and told S 
that in this game he was to try to obtain as 
many pennies out of the machine as he 
possibly could. The S was then shown the 
display of prizes and told that the toys could 
be bought with the pennies. Each S was 
required to indicate the prize that he would 
like to obtain, following which he was told 
how to play the game. 

Each S played until he indicated he 
wanted to stop or after 20 min. or 400 extinc- 
tion trials when S was stopped by E. Only 
one S in the 60-trial group failed to complete 
the acquisition training and was replaced. 

Comments and questions from S were 
ignored by E. If S persisted in asking 
questions, E merely said: "You can play the 
game as long as you like. Tell me when you 
want to stop playing." This was generally 
sufficient. At the end of the session, 5 
was told that he would receive his toy after 
everyone in his room had played the game. 


RESULTS AND DISCUSSION 


The results of the study are shown 
in Fig. 1 which presents the mean 
number of responses to extinction as à 
function of percentage of reinforce- 
ment, number of training trials, and 
the presence or absence of the S". 
There was a consistent decrease !n 
number of responses to extinction 
with an increase in the number of 
reinforced acquisition trials. The 
333% and 100% groups follow similar 
curves with the 100% group extin- 
guishing more rapidly in all instances. 
There are no apparent differences 


PRIMARY AND SECONDARY REINFORCEMENT 


between Ss who received the SF during 
testing and those who did not. 

In an analysis of variance, dif- 
ferences associated with percentage 
of reinforcement were highly sig- 
nificant, F (1,300) = 89.94, p < .001, 
as were differences associated with 
number of acquisition trials, F (4,300) 
= 8.52, p< .001. There was no 
significant difference associated with 
the presence or absence of the SR. 
None of the interaction terms was 
significant. 

The Duncan multiple-range test 
was used to determine which differ- 
ences between number of acquisition 
trials were significant. The groups 
who received 3 training trials at both 
percentages of reinforcement differ 
significantly from the others. Those 
who received 9 trials differed sig- 
nificantly from those who received 
60 training trials. 


The findings of this study indicated 
that resistance to extinction was in- 
versely related to number of acquisition 
trials for both continuous and intermit- 
tent training, and that a variable-ratio 
reinforcement schedule resulted in the 
usual partial reinforcement effect. 

These results can be explained in terms 
of a discrimination hypothesis. An in- 
crease in the number of training trials 
under a partial or continuous reinforce- 
ment schedule would serve to make the 
distinction between acquisition and test- 
ing more easily discernable to S with a 
resulting decrease in resistance to ex- 
tinction. The maximum dissimilarity 
occurred in the group which received 60 
reinforced acquisition trials. Maximum 
similarity occurred in the group which 
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received three training trials on the 
intermittent schedule. 

Failure of the light stimulus to acquire 
conditioned reinforcing properties is con- 
sistent with other findings in operant 
situations with children (Myers, Craig, 
& Myers, 1961). 
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PERCEIVED DURATION AS A FUNCTION OF AUDITORY 


STIMULUS FREQUENCY ! 


AUSTIN JONES anp MARILYN MacLEAN 
University of Pittsburgh 


Ss made absolute magnitude estimations of durations ranging from 8 to 
250sec. Auditory clicks were broadcast during each trial at frequencies 
ranging from 0 to 10 clicks/sec. Magnitude estimations were found 
to be an increasing function of click frequency from 0 to 1.50 per sec., 
thereafter declining slightly. The magnitude of this "frequency effect" 
was found to be a decreasing monotonic function of duration. For 
durations of 8 sec., the mean magnitude estimation was displaced up- 
ward 13% by an increase in frequency from .25 to 1.50 per sec. The 
comparable alterations of 13- and 24-sec. estimations were 12% and 4%, 
respectively. Although Ss' mean absolute error of estimation for single 
trials was 45%, mean errors computed algebraically over either 2 or 6 
trials were only +6-9%. Estimations were an almost perfect linear 
function of duration, the pooled slopes for 3 experiments being 1.000, 
.974, and 1.056, with an overall mean of 1.01. 


The perception of duration has been 
regarded traditionally as dependent 
upon the perception of change or suc- 
cession in stimuli (Fraisse, 1963). 
The present study is concerned with 
a corolary of this view, that the 
greater the number of stimulus changes 
occurring during a standard interval, 
the greater will be its perceived 
duration. The evidence has been 
meager; Hall and Jastrow (1886) 
allude briefly to data appearing to 
demonstrate such an effect, and 
Israeli (1930) has shown that one 
interpolated signal within an other- 
wise “empty” interval results in 
increased estimations. Both studies 
report the effect to be greatest for 
intervals less than 1 sec. and to 
approach zero at about 3 sec. Fraisse 
(1961) has reported that an interval 
filled with 5 signals/sec is over- 
estimated when reproduced under 
conditions of 10/sec. 


* This study was supported in part by 
Grant M-2479 from the National Institute 
of Mental Health, United States Public 
Health Service. The authors are indebted 
to Sandra Senior for assistance in data 
analysis, 


In the present study, Ss made 
absolute magnitude estimations of 
intervals filled with evenly spaced 
auditory clicks. It was hypothesized 
(a) that estimations would be an 
increasing monotonic function of fre- 
quency, and (b) that the strength 
of the relationship between frequency 
and magnitude estimation would be a 
decreasing function of the length of 
interval judged. The second hypoth- 
esis is based on the expectation that 
some accommodation to the stimuli 
may occur during the longer intervals. 
A further purpose was to assess the 
accuracy of the estimations, con- 
cerning which little evidence is avail- 
able for the relatively long intervals 
(8-250 sec.) employed in this study. 


EXPERIMENT I 
Method. 


Twenty-six undergraduate Ss (17 female 
and 9 male) received all values of the two 
variables, frequency and duration. Dura- 
tions were 35, 105, and 250 sec; frequencies 
were .25, 1.50, and 10.00 clicks/sec. Two 
trials were given for each frequency-duration 
combination. Trial sequence was randomized. 
The intertrial interval was 30 sec. A Grason- 
Stadler timer controlled the frequency of 
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Fic. 1. Mean magnitude estimation as a 
function of the frequency of auditory stimuli, 
computed separately for the three durations 
judged. (Exp. I, N = 26.) 


clicks broadcast in the ceiling of S’s chamber 
at a distinct but comfortable sound level. 
Estimations were reported by means of an 
intercom system. 

The Ss were told they would lie on beds for 
about 13 hr. and estimate the duration of an 
unspecified number of trials. The beginning 
and end of the trial were marked by the offset 
and onset of the room light. Estimations 
were reported within a few seconds after each 
trial. Instructions were designed to minimize 
response biases, The Ss were told that clicks 
would occur at a constant rate during each 
trial, with rate varied randomly over trials. 


Results 


Magnitude estimation as a function 
of frequency.—The data consisted of 
the mean of the Ss’ two estimations 
for each frequency-duration combina- 
tion. For each duration, each S's 
mean estimations for the three fre- 
quencies were expressed as propor- 
tions of their total, thus weighting 
each S equally with respect to overall 
level of estimations. The trend of 
estimations over frequencies (Fig. 1) 
was tested by the analysis of variance 
of trends (Grant, 1956). At 35 and 
105 sec., the quadratic trend is sig- 
nificant at the .05 level; F (1, 25) 
= 5.02, 4.56; but not at 250 sec. 
(F «1.0. The linear trends are 
nonsignificant. (All statements of 
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nonsignificance refer to the .05 level, 
two-tailed test.) For the 35-and 105- 
sec. durations a ¢ test was made of 
the difference between the estimations 
under the 1.50 and 10.00 frequencies ; 
neither was significant. 

The strength of the relationship 
between frequency and magnitude 
estimation was assessed as a function 
of length of interval by an analysis 
of Ss’ proportional quadratic ‘‘scores,”’ 
consisting of the sum of the cross 
products of quadratic coefficients 
and proportional estimations (higher 
scores indicating "stronger" relation- 
ships). 'These scores showed a sig- 
nificant downward trend over the 
durations (Fig. 2); F lin. (1, 25) 
= 6.35, p < .025). 

Magnitude estimation as a function 
of duration.—The trends of propor- 
tional mean estimations over dura- 
tions were analyzed separately for 
each frequency. The variance within 
trends was almost entirely linear. 
For .25/sec, F lin. (1, 25) = 817.93; 
for 1.50/sec, F lin. (1, 25) = 905.17; 
and for 10.00/sec, F lin. (1, 25) 
= 1380.30; p < .00001, and F quad. 
<1.0. The slope of the three-pooled 
linear functions was 1.000. As a 
means of describing the internal con- 
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Fic. 2. The strength of the relationship 
between frequency and perceived duration 
(expressed in quadratic scores) as a function 
of the objective duration of the interval 
judged. (For ease of comparison Exp. I and 
II are plotted on the left-hand scale, Exp. III 
on the right.) 
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TABLE 1 
ESTIMATED Ratios or DURATIONS COMPARED WITH CORRESPONDING Exact RATIOS 
Estimated Ratios of Durations 
RIDE Exp.I Exp. II Exp. III 
M SD M SD M SD 
35:105 = .333 .356 .072 
35:250 = .140 .146 .026 
105:250 — .420 418 074 
8:13 = .615 614 .190 
8:24 = .333 327 417 
8:35 = .228 .218 .068 
13:24 = .541 538 161 
13:35 = .371 371 090 
24:35 = .685 -705 124 
13:35 = .371 373 .065 
13:105 — .123 115 031 
35:105 = .333 301 .056 


Note.—Fach mean estimation ratio was computed from mean proportional estimations of durations based 


upon two trials of each combination of duration and frequency, or a total 


and 12 trials for Exp. III. 


sistency of individual S's estimations, 
the ratios of the estimations were 
computed and compared with the 
exact ratios of the durations (Table 1). 

Errors of estimalion as a function of 
frequency.—Errors were computed in 
two ways. In the first, or "absolute" 
method, S's absolute error for each 
trial was expressed as a percentage 
of the objective duration. The mean 
absolute error per trial was 40.80%. 
Each S's mean error for each fre- 
quency was then expressed as a 
proportion of their total. The trends 
of proportional errors over frequen- 
cies were analyzed separately for 
each duration; none were significant. 

In the second or "algebraic" meth- 
od, the sign of the percentage errors 
was taken into account. The mean 
error per trial was +9.46%. As the 
trend of errors over frequencies was 
similar for each duration, the data 
were pooled over durations. No 
significant trends of errors over fre- 
quencies were found. 

Errors of estimation as a function of 
duration. —Mean absolute error was a 


of 6 trials for Exp. I, 6 trials for Exp. II, 


decreasing function of duration, fall- 
ing from 48% at 35 sec. to 35% at 
250 sec; T lim (1, 25) 2450 
p < .05. No trends of algebraic errors 
were significant. 


EXPERIMENT II 


The results of Exp. I indicated that 
the effect of variations in frequency 
upon the estimations is related to the 
length of interval judged. The effect 
was greatest at 35 sec., decreased at 
105 sec., and did not appear at 250 
sec. The purpose of Exp. II was to 
assess this interaction more closely 
by including a more finely graded 
series of durations. Particular atten- 
tion was given to extending the series 
downward, in an effort to establish 
the duration at which estimations 
are most strongly altered by varia- 
tions in frequency. 


Method 


Twenty-six undergraduate female $S 
served in an experiment identical to Exp. ! 
except that the durations were 8, 13, 24, 35, 
75, and 175 sec. 
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Results 


Except as noted, all analyses re- 
ported in this and the following experi- 
ment were computed in exactly the 
same manner as those reported in 
Exp. I. 

Magnitude estimation as a function 
of frequency.—Mean proportional esti- 
mations for the three frequencies 
were computed separately for each 
duration (Fig. 3). Estimations were 
significantly related to frequency un- 
der four of the durations, marginally 
significantly under 175 sec. (p < .06), 
and not significantly under 35 sec. 
The results are presented in detail 
in Table 2. For each duration show- 
ing the mean estimation to be less 
under the 10.00 than under the 1.50 
frequency, a £ test was made of the 
difference; none were significant. 

The strength of the relationship 
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Fic. 3. Mean magnitude estimation as a 
function of the frequency of auditory stimuli, 
computed separately for the six durations 
judged. (Exp. II, N = 26.) 
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TABLE 2 


SUMMARY or RESULTS OF ANALYSIS OF 
VARIANCE For Exp. IT; MAGNITUDE 
ESTIMATIONS AS A FUNCTION 
OF FREQUENCY 


Duration | Overall Linear | Quadratic 
Seconds) Trend Component | Component 
8 10.26** 4,32* 16.00** 
13 13:15 3% 6.78* 15.84** 
24 4.2* 1159 3.02 
35 «1 1.22 «1 
75 3.64 1.63 8.39** 
175 2.54 1.4 4.11 


Note,—Trends over the three frequencies com- 
puted separately for each duration. 
«.05. 


p <.01. 


between frequency and magnitude 
estimation was assessed as a function 
of duration by analysis of Ss’ quad- 
ratic "scores." A significant down- 
ward linear trend was again shown 
(Fig. 2), but also a significant quad- 
ratic component; Flin. (1, 25) = 10.69, 
F quad. (1, 25) = 9.94, p « .01. 

Magnitude estimation as a function 
of duration.—ln Exp. I, the trends 
of estimations over durations were 
considered separately for each fre- 
quency. As the results were similar, 
the data were pooled in this and the 
following experiment. The variance 
within trends was again strikingly 
linear; F lin. (1, 25) — 2659.11, 
P < .00001, F quad. (1, 25) = .0000. 
The linear slope is .974. A sample 
of the ratios of the estimations is 
given in Table 1. 

Errors of estimation as a function 
of frequency—The mean absolute 
error per trial was 45.49%. As 
analyses of errors over frequencies 
showed similar results for each dura- 
tion in Exp. I, the data were pooled 
for the present analysis; no trends 
over frequencies were significant. The 
"algebraic" mean error per trial was 
—9,28%. Algebraic errors showed 
a significant trend over frequencies, 
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increasing from —4.4% at .25/sec to 
—43.8% at 10.00/sec; F lin. (1, 25) 
= 15.79, F quad. (1, 25) = 8.89, 
p < .01 in each case. 

Errors of estimation as a function of 
duration.—Mean absolute errors were 
again a decreasing function of dura- 
tion, falling from about 48% to about 
37% from the 8-sec. to the 175-sec. 


condition; F lin. (1, 25) — 6.31, 
p «.05; F quad. < 1.0. Analysis 
of "algebraic" errors showed no 
significant trends. 


EXPERIMENT III 


In the prior experiments, most 
analyses showed the estimations to 
be a quadratic function of frequency, 
sharply increasing from .25 to 1.50 
and falling off slightly at 10.00/sec. 
The frequencies employed were widely 
enough separated that little evidence 
concerning the maximum of the 
function was provided, other than 
that it presumably falls between 
1.50 and 10.00/sec. The purpose 
of the third experiment was to provide 
a closer approximation of the fre- 
quency associated with maximum 
magnitude estimation by inclusion 
of additional frequency conditions 
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Fic. 4. Mean magnitude estimation as a 
function of the frequency of auditory stimuli, 
computed separately for the three durations 
judged. (Exp. III, N = 22.) 
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within the range 1.50 to 10.00/sec, 
:A secondary purpose was to gain more 
evidence concerning the minimum 
(or minima) of the function by inclu- 
sion of a zero frequency condition, 
i.e., an “empty” interval. 


Method 


Twenty-two undergraduate females served 
as Ss in an experiment identical to those 
preceding except that the frequencies were 
.00, .25, 1.50, 3.40, 5.50, and 10.00/sec and 
the durations were 13, 35, and 105 sec. 


Results 


Magnitude estimation as a function 
of frequency.—At 13 and 35 sec., mean 
estimations were a significant quad- 
ratic function of frequency; for 13 
sec., F (1, 21) = 16.08, p « .01; for 
35 sec., F (1, 21) = 7.00, p < .05. 
For the 35-sec. condition, the linear 
component was also significant; F (1, 
21) = 7.21, p < .05. The maximum 
of the functions (Fig. 4) again fell 
at approximately 1.50/sec. For the 13- 
and 35-sec. durations, under which 
mean estimations were lower at 10.00/ 
sec than at 1.50/sec, ! tests were 
made of that difference; neither were 
significant. As an alternative test 
of the decrement at 10.00/sec, the 
number of functions showing some 
degree of decrement out of the total 
number significant at the .05 level 
were tabulated over the three experi- 
ments, This ratio, 8:9, differs from 
chance expectancy at p < .04. 

Figure 4 shows an additional inflec- 
tion in both curves at .25 sec., not 
adequately tested in the overall 
analysis of trends. Analysis of the 
estimations made over the frequencies 
.00, .25 and 1.50/sec only indicates 
that the inflection is significant; for 
13 sec, F quad. (1, 21) = 18.91, 
p < .01; for 35 sec., F quad. (1, 21) 
= 6.89, p < .02. This analysis was 
also made for the 105-sec. condition, 
in which the overall trends were not 
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significant. The quadratic trend was 
again significant (F = 7.09, p < .02) 
and is included in Fig. 4. The 
strength of the frequency effect was 
again shown by analysis of quadratic 
Scores to be a decreasing function 
of duration; F lin. (1, 21) = 10.43, 
p < .01 (Fig. 2). 

Magnitude estimation as a function 
of duration.—Analysis of the trend 
of estimations over durations again 
showed the variance to be almost 
entirely linear; F lin. (1, 21) —1603.00, 
p «00001; F quad. (1, 21) = 5.00, 
p «.05. The linear slope is 1.056. 
The ratios of the estimations are 
given in Table 1. 

Errors of estimation as a function 
of frequency.—The mean absolute 
error per trial was 51.1095; no trends 
over frequencies were significant. The 
algebraic mean error per trial was 
—6%, showing a decreasing trend 
from about —15% at .00/sec to about 
—3% at 10.00/sec; F lin. (1, 21) 
= 4.96, p < .05. 

Errors of estimation as a function 
of duration.—Neither absolute nor 
algebraic errors were significantly 
related to duration. 


DISCUSSION 


Magnitude estimation as a function of 
frequency.—The results strongly support 
the view that perceived duration is a 
function of the frequency of auditory 
stimuli. The shape of the function 
was not, however, monotonic. In each 
experiment estimations rose relatively 
Sharply from .25/sec to 1.50/sec, there- 
after declining slightly to 10.00/sec. 
Consideration of auditory discrimination 
Processes suggests that at some Tela- 
tively high frequency, S's declining 
ability to discriminate separate signals 
must necessarily offset the inflation of 
estimations caused by increments in fre- 
quency. As frequency is increased to the 
range where separate signals are not 
discriminated at all, the "frequency 
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effect" presumably would fall to a 
minimum. 

In Exp. III, an inflection was found 
also at .25/sec, estimations at .00/sec 
being similar to or greater than those at 
-25/sec, then increasing at 1.50/sec. 
That inflections occur in the regions 
of .25 and 1.50/sec suggests the influence 
of respiratory and heart rhythms, The 
frequency .25/sec approximates that of 
14-18/min cited as normal respiratory 
rate, while 1.50/sec slightly exceeds the 
normal heart rate of 60-80/min. The 
theory is offered tentatively that stimuli 
at a frequency matching a discriminable 
body rhythm tend to depress estimations, 
while slightly more rapid stimuli tend to 
increase them. These effects are viewed 
as superimposed upon the basic quad- 
ratic relationship describing perceived 
duration first as an increasing, then as a 
decreasing function of frequency, and 
upon the direct relationship between 
alterations in heart and respiratory rate 
and perceived duration, strong evidence 
for which has been reported recently by 
Hawkes, Joy, and Evans (1962). 

The strength of the frequency effect 
was found in each experiment to be a 
decreasing function of duration; e.g., 
in Exp. II, altering the frequency from 
.25 to 1.50/sec shifted mean estimations 
upward 13%, 12%, and 4% for the 8-, 
13-, and 24-sec. durations, respectively. 
It appears that the frequency effect, 
dependent upon the discrimination of 
separate signals, declines over longer 
durations as S's ability to maintain an 
optimal discrimination set is reduced. 

The results of Exp. I and II indicated 
that the frequency effect disappears or 
reaches a very low asymptote at or 
beyond 175 sec. In Exp. III, however, 
the effect was not significant at 150 sec. 
Analysis of absolute errors indicates 
that Exp. III, with its attentuated range 
of durations, constituted a more difficult 
task than the prior experiments—sug- 
gesting that nonsignificance at 105 sec. 
may have been due to reduced reliability 
of judgment. 

Reliability and. errors of estimation.— 
In each experiment the estimations were 
an almost perfect linear function of dura- 
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tion, the pooled linear component deter- 
mining more than 99.99% of the vari- 
ance. These data, combined with similar 
findings by Gregg (1951) for shorter 
intervals, indicate that mean temporal 
judgments are very reliable over the 
considerable range .4-250 sec. Absolute 
errors on single trials were substantial, 
the mean over all experiments being 
45.80%. Computed algebraically, how- 
ever, the mean error drops to about 
+6-9%, which approximates the 
+9.31% found by Gregg for the frac- 
tionation of 4.8-sec. intervals. Such 
accuracy in the present experiments is 
surprising in view of the fact that Ss 
received but two trials of each frequency- 
duration combination. The possibility 
is suggested that algebraic mean errors 
based upon many trials may fall close 
to zero. 

Experiments I and II showed decreas- 
ing trends of absolute errors over dura- 
tions, suggesting that variability in Ss’ 
estimation set declines over the duration 
of the trial. The significant increasing 
trend of algebraic errors over frequencies 
in Exp. II and decreasing trend in Exp. 
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III are difficult to interpret; as the 
experiments differ in range of durations, 
it appears probable that differences in 
“anchor” effects may be involved in the 
discrepancy. 
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SOME DETERMINANTS OF THE USE OF RELATIONSHIPS 
IN DISCRIMINATION LEARNING? 


PEDER JOHNSON anp DANIEL E. BAILEY 
University of Colorado 


Use of relations in 2-choice discrimination learning problems was studied 
as a function of types of relational properties of stimuli (5 levels), age 
(kindergarten, 4th grade, college), and number of stimuli assigned to 
the response categories (3 levels). On postlearning trials relationships 
could be reversed without changing the absolute elements of the stimuli. 
Reversal of response on relationship reversal is evidence for relational 
determination of learning. 180 Ss were run at each age level. Rela- 
tional salience and age are highly significant factors in determining 
degree of relational response tendency. Acquisition errors is a function 
of number of stimuli for absolute responders but not for relational 


responders. The data indicate 


the specious character of puristic 


absolute and puristic relational theories, 


A number of studies have demon- 
strated transpositional responding in 
both humans (Alberts & Ehrenfreund, 
1951; Jackson & Jerome, 1943; 
Kuenne, 1946; Stevenson & Bitter- 
man, 1955; Stevenson & Langford, 
1957; Zeiler, 1964) and in animals 
(Lawrence & DeRivera, 1954; Riley, 
Ring, & Thomas, 1960; Spence, 1937). 
Evidence of transposition has been 
taken to imply a relational basis for 
discrimination learning (Kóhler, 1929; 
Wertheimer, 1959) or to be a result 
of "algebraic summation" along a 
physical continuum (Spence, 1937). 
Spence's theory predicts an observed 
decrease in transposition with remote 
test stimuli (Alberts & Ehrenfreund, 
1951; Kendler, 1950; Kuenne, 1946; 
Spence, 1937). Early treatments of 
relational theory (Köhler, 1929; 
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Wertheimer, 1959) did not predict 
the decline. 

Lawrence and DeRivera (1954) 
demonstrated relational responding 
in rats by a means which does not 
lend itself to Spence's algebraic sum- 
mation explanation. Riley, Ring, 
and Thomas (1960) showed that the 
decrease in relational responding with 
remote test stimuli also may be pre- 
dicted on a relational basis. On the 
basis of these experiments Lawrence 
and DeRivera (1954) and Hilgard 
(1956) suggest that under some cir- 
cumstances Ss respond relationally 
and under others absolutely. The 
emphasis in their surmise is on the 
situational conditions, Kuenne (1946) 
suggests that relational responding 
involves mediators such as "larger 
than" or "brighter than," presup- 
posing a degree of abstraction gen- 
erally thought to increase with age. 

From the Brunswikian functional- 
istic point of view expressed by one 
of the authors elsewhere (Sarbin, 
Taft, & Bailey, 1960) the organism's 
behavior is an outgrowth of multiple 
factors and “absolute” or "relational" 
behavior depends on S characteristics, 
stimulus properties, and their inter- 
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action; it is not the all-or-none 
phenomenon that seems to be im- 
plied by the absolute vs. relational 
controversy. Specifically, the follow- 
ing logic and consequent hypotheses 
led to the present experiment. 

1. Different types and degrees of 
saliency of relational properties in a 
stimulus configuration lead to differ- 
ent degrees of utilization of these 
properties in discrimination learning. 
Both simultaneous and successive 
contrast in albedo were studied. 
Successive contrast was subdivided 
into temporal and spatial modes of 
presentation. In successive contrast 
the repeated inspection separately of 
the elements of a stimulus configura- 
tion will tend to enhance and make 
more salient the relational properties 
of the configuration—a “contrast and 
compare" attitude is one possible 
outcome of such a procedure. Also, 
if multiple inspections are made, 
greater opportunity exists for forming 
impressions of the relational proper- 
ties of the stimulus. On the other 
hand, if the stimulus elements are 
inspected in serial and nonrepeated 
order with a fixed inspection period 
the relational properties will be less 
salient. The simultaneous relation- 
ship saliency is manipulated by three 
degrees of simultaneous contrast. 

2. The number of different stimu- 
lus values that S must associate with 
the two response categories is a 
factor affecting the difficulty of the 
problem, particularly if S learns the 
problem in an absolute manner. If 
there are three stimulus patterns it 
would be necessary for S to establish 
three S-R connections in learning the 
discrimination problem in an absolute 
manner. If S learned the problem in 
a relational manner only a single rule 
would be required, regardless of the 
number of different stimuli. It was 
predicted (a) that the percentage of 
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relational responding would increase 
with increasing number of S-R bonds 
to be learned, and (b) that acquisition 
errors would increase as a function 
of the number of stimuli for Ss 
utilizing an absolute response mode 
but not for Ss utilizing a relational 
response mode. 

3. Availability and strength of ab- 
stract "relational mediators" influ- 
ence the use of relationships in 
discrimination learning. As such 
mediators become more a part of the 
adaptive repetoire of an S the greater 
is the likelihood they will be utilized 
in situations admitting to their ap- 
plication. Thus, it was predicted 
that tendency to utilize relational 
aspects of stimulus configurations 
varies as a function of age with respect 
to differences in the availability and 
strength of relational mediators. 


METHOD 


Subjects.—Three age groups of 180 Ss each 
were run; kindergarten and fourth-grade 
children and college students from beginning 
psychology courses, totaling 540 Ss. In 
addition, 35 kindergarten and 3 fourth-grade 
Ss did not meet minimal learning criteria. 

Stimuli.—A stimulus definition similar to 
the one used by Lawrence and DeRivera 
(1954) was employed: The absolute stimulus 
values remain constant, while the relationship 
between the stimulus components was re- 
versed. Each stimulus consisted of two 
rectangles of achromatic gray paper, one 
which was, for all stimuli, of the same 
reflectancy (midgray, No. 4 in a set of seven 
shades) The second component was a rec- 
tangle similar to the first component but of 
greater or lesser reflectancy (lighter gray or 
darker gray). The rectangles were mount 
on 10 X 12 in. cards, providing a background 
(white or black). The seven components had 
reflectances of 6%, 10%, 15%, 2796, 39% 
55%, and 71%, respectively. The stimuli 
were selected so that the nearest pairs of 
grays were readily discriminated. 

Pairs of these components, No. 4 always 
being one of the components in a pair, were 
combined in five different ways to form the 
pool of stimuli. Figure 1 illustrates these 
five stimulus types: Stimulus I. Two narrow 
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TRAINING 
STIMULI 


RESPONSE 
REWARDED 


TEST 


STIMULI 


SIMULTANEOUS | A 

ELEMENT 

STIMULUS 

TYPES A 
TYPE | 


SUCCESSIVE 
ELEMENT 
STIMULUS 
TYPES 


ABSOLUTE 
Ro Rə RESPONSE 


RELATIONAL 
RESPONSE 


al 
6 4 [As] 


TYPE II 


ele) BIB] 


TYPE IV; ONE ELEMENT 
ON LEFT, ONE ON RIGHT, 
ONE ELEMENT VISIBLE 
AT A TIME, UNLIMITED 


TYPEII 


TYPE V: ONE ELEMENT 
PRESENTED AFTER THE 
OTHER. ONLY ONE 
INSPECTION: TEMPORAL 


INSPECTIONS: SPATIAL 


[Frc. 1. Examples of stimuli. 


(At the top are shown stimuli of Type II, the three-bond 


case, with the possible scoring of absolute and relational responses. The reflectancy, albedo, 
is indicated by the letter A where A; is the lowest reflectancy and A; is the highest. Only 
four test stimuli are used for a given S. At the bottom are shown examples of each of the five 


types of stimuli used in the experiment.) 


(3 X 7 in.) strips juxtaposed on the back- 
ground; Stimulus Il. Two large rectangles 
(43 X 7 in.) juxtaposed on the background; 
Stimulus III, Two rectangles (3 X 7 in.) 
separated by a 3-in. space on the background; 
Stimulus IV. Two rectangles (3 X 4 in.) on 
opposite sides of 54 X 64 in. background 
cards, presented in such a way that only one 
side of the card could be seen at once; Stim- 
ulus V. Two rectangles (7 X 9 in.) mounted 
separately on 10 X 12 in. cards, presented in 
temporal succession. 

The Ss at each age level (A) were assigned 
to one of the five stimulus conditions (S) 
defined by the five stimulus types and to one 
of three conditions defined by the number of 
S-R bonds ( B) associated with the binary dis- 
crimination response. The Ss in the one-, 


two-, and three-bond conditions were required 
to learn responses to one, two, and three pairs 
of stimuli, respectively. 

Apparatus —The apparatus for the kinder- 
garten and fourth grade consisted of a black 
panel facing S at a 60° angle. On the panel 
were located two doors to compartments into 
which E placed rewards (yellow squares of 
construction paper) through a small opening 
in the backside of the compartment. In the 
apparatus used with college Ss two buttons 
and a feedback light were substituted for the 
reward compartments. Stimuli were dis- 
played in an opening in the upper center 
portion of the panel with the exception of 
stimuli of Type IV. The latter were displayed 
in a holder mounted on the front of the ap- 
paratus in such a way that S had to look 
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around one side of a baffle to see one stimulus 
element and around the other side of the 
baffle to see the other element. 

Procedure.—Kindergarten and fourth-grade 
Ss were instructed to find as many yellow 
squares as possible by learning which com- 
partment contained the yellow square. With 
a yellow square in one of the two compart- 
ments E demonstrated how the doors of the 
apparatus opened. The Ss were then shown 
one of the six stimuli and told they could 
learn which door was correct by which stim- 
ulus was displayed, and that when certain 
stimuli were displayed one door was correct 
and when certain other stimuli were displayed 
the other door was correct. College Ss were 
given similar directions. 

Depending on whether S was in the one-, 
two-, or three-bond condition, the stimuli 
were presented in random blocks of two, four, 
or six stimuli. Criterion for the one- and 
two-bond condition, respectively, was four 
and two consecutive errorless blocks. In the 
case of the three-bond group one error in two 
consecutive blocks was permitted when the 
error occurred on the last trial. 

On reaching criterion each S was given 
four test trials, which entailed reversing the 
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relationship of the stimulus presentations, 
In Stimulus Configuration Types I, II, and 
ILI this simply involved inverting the stimulus 
cards, e.g., if the constant value was on top 
during learning it would on test trials appear 
on the bottom. In Stimulus Type IV the 
side, left or right, on which the variable and 
constant (No. 4) stimulus elements appeared 
during acquisition would be reversed. For 
Stimulus Type V the temporal order of 
presentation was reversed. 

None of the test trials were reinforced. To 
minimize the effects of nonreinforcement Ss 
were instructed after the first test trial that 
they would receive no yellow square (or light) 
on the next few trials, but that they would be 
informed at the end how they had done. The 
test trials were scored as relational if S 
reversed his response to the specific stimulus 
and as absolute if he did not. 

Design.—Background (black or white), 
direction of correct response, random orders 
of stimulus presentation, difference in the 
reflectances of the components, and random 
order of test stimuli were counterbalanced 
within the 5(S) X 3(B) X 3(A) factorial 
design (12 Ss per cell). 


TABLE 1 


MEAN PROPORTIONS OF RELATIONAL RESPONSES ON Four Test TRIALS 
CONVERTED TO PROPORTIONS 


Stimulus Types Bond 
x Age 
I n I 1v v as 
ise Sen 
ne Bon 15 .81 79 .92 .29 68 
'Two Bond .65 .69 79 52 44 2 
‘Three Bond 15 41 60 .85 .50 70 
Kindergarden X Stimulus| .72 .16 73 .16 41 
Bonni nuc 
ne Bon: .60 .88 4 79 56 72 -10 
Two Bond .85 .50 88 41 .50 69 
Three Bond .T9 71 69 .88 40 69 
Fourth Grade X Stimulus| .75 .69 78 79 ES 
md 
ne Bon 58 .83 85 .94 65 A 82 
Two Bond .65 -19 87 .96 67 Jo 
"Three Bond .85 .87 98 .98 83 90 
College X Stimulus .69 .83 91 .96 72 
Stimulus Type Total E .16 81 .84 54 
Bond 1 Bond 2 Bond 3 
Totals by Bonds .14 .70 16 Total Overall E 
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Fic. 2. Mean proportion of relational 


responses in four test trials as a function of 
stimulus type for three age groups. 


RESULTS 


Postlearning test trials.—Each S 
was given two scores indicating re- 
versal or nonreversal of response on 
the first test trial, and number of 
reversals on the four test trials. A 
response reversal was taken as indi- 
cation of a relationally determined 
response. The analysis of the two 
scores revealed essentially the same 
pattern. Thus, the more reliable and 
informative scores, number of re- 
versals on the four test trials, were 
used in the remainder of the analysis. 
The mean proportions of reversals 
out of the four possible are presented 
in Table 1 and in Fig. 2. The row 
and column summary means are 
included in the table. 

An analysis of variance showed 
Factors A and S to be highly signifi- 
cant with F (2,495) = 11.18, p —.00002 ; 
and F (2,495) = 15.03, p < .00001, 
respectively, while B was insignificant 
with F (2,495) = 1.92, p = .147. Of 
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the interactions, only B XS ap- 
proached significance with F (8,495) 
= 1.97, p = .048. 

A separate analysis of the simul- 
taneous presentation across all other 
factors revealed no significant dif- 
ference among Types I, II, and III, 
F (2,321) = 1.59, p = .206 while the 
difference between the successive 
presentation types (IV and V) was 
highly significant, F (1,214) = 38.44, 
p «.00001. Combining Stimulus 
Types I, II, and III and calculating 
the contrast for Stimulus Types IV 
and V and the combined simultaneous 
element types produced a significant 
result F (2,537) = 21.08, p < .00001. 

Acquisition errors.—All three main 
factors of the experimental design are 
effective in determining the number 
of errors in acquisition of the dis- 
crimination responses with F (4, 495) 
=7.03, p=.00002; F (2, 495) =31.79, 
p < .00001; and F (2, 495) = 6.41, 
p = .002, for Factors S, A, and B, 


respectively. None of the interac- 
tions were significant. Figure 3 
4 
COLLEGE 


4th GRADE 


MEAN ERRORS 


m Mia 
1 it ul Iv v 
STIMULUS TYPE 
Fic. 3. Mean number of acquisition errors 


as a function of stimulus type for three age 
groups. 
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RESPONDER: 
EXTREME Ss DELETED) 
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Fic. 4. Mean number of acquisition 
errors as a function of bonds. 


shows the mean number of errors for 
the five stimulus types by the three 
age levels. Mean errors by bond 
conditions across the other factors 
are shown in Fig. 4. 

Seventy-five Ss out of the 540 re- 
sponded in an absolute manner on 
both the first test trial and on two or 
three of the next three test trials. 
They were matched on the three 
experimental conditions with 75 rela- 
tional responding Ss, meeting the 
same basic criterion for relational 
responding. The mean number of 
errors in acquisition trials for each of 
the two groups by bond condition is 
presented in Fig. 4. The two groups 
were Significantly different at both 
the two- and three-bond levels, F 
(1, 58) = 4.97, p = .030, F (1, 22) 
= 8.41, p = .008, respectively. Ab- 
solute responders showed a general 
increase in errors from the one to three 
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bond levels, while there was no cor- 
responding increase consistently for- 
relational responders. ‘The rise in 
the mean error for relational re- 
sponders in the two-bond level was 
due to two Ss with extreme scores, 
Removing these Ss from the group 
gave a group mean virtually identical. 
with the three-bond relational group 
mean. ‘The decrease in mean errors 
from the one- to the three-bond condi- 
tion for relational responders was 
also significant, F (1, 43) = 4.79, 
p = .034. 


Discussion 


The general mode of responding on the 
test trials for the entire collection of Ss 
and conditions was relational: 73.2% 
of the test trials indicated a relational 
basis for the response. Even, among 
the 5- and 6-yr.-old children in the 
kindergarten sample the overall rela- 
tional responding occurred at a rate of 
68% and was as high as 91.7% for 
Stimulus Type IV and one bond. 

The results of this study are essen- | 
tially a validation of the contention 
that in discrimination behavior the 
relational or absolute nature of responses 
can be manipulated by selection of. 
stimulus properties, number of implidit 
response rules, and S characteristics. 
It is clear from the data of Table 1, 
showing proportion of relational re- 
sponding with extreme values of 29 
and .979, that any puristic theory of 
discrimination learning is incomplete. 

Recent studies of relational responding 
involving the transposition method have 
been interpreted as indicating that 
successive modes of stimulus presenta- 
tion result in "pure absolute learning - 
(Zeiler, 1964, p. 107). The data of the. 
present study indicate a result in modest 
agreement with this conclusion, but ig 
very special conditions: Stimulus TyP® 
V, one bond, with kindergarten childgen: 
Even in this cell of the design relatio! d 
responding occurred with a relative 
frequency of .292. Other cells involving 
the same stimulus type produced relative | 
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frequencies as high as .979 for relational 
responding. Only. 5 of 18 conditions 
involving successively presented stimulus 
elements resulted in more absolute than 
relational responding—all of these in- 
volved Type V stimuli. 

The acquisition errors indicate a dif- 
ferent ordering of difüculty for the five 
stimulus types, than the ordering with 
respect to relational responding (Fig. 2 
and 3). It would be inappropriate to 
attempt to interpret relational respond- 
ing simply in terms of acquisition 
difficulty. 

The differentiation of kindergarten 
and fourth-grade children with respect 
to acquisition errors is not reflected in 
the test trials. The two groups are 
approximately equal with respect to 
relational responding but are widely 
separated in acquisition errors, the 
fourth graders being more nearly like 
the college students. There is. little 
difference in mean proportion of rela- 
tional responses between kindergarten 
and fourth-grade Ss over all five stimulus 
types, while college Ss show a higher 
proportion of relational responses for all 
stimulus types excepting Type I. The 
age difference between the kindergarten 
children and the fourth-grade children 
should be accompanied with a significant 
difference in the ability to identify and 

use relational properties. One possible 
interpretation of the failure to observe 
this result is that the fourth-grade and 
kindergarten children do not differ with 
respect to their use of relational media- 
tors. This contradiction of the findings 
of other investigators in the area of 
discrimination learning might be ex- 
plained on the basis of a number of 
factors such as different types of educa- 
„tional practices. 

The increase of relational responding 
with number of bonds was not signifi- 
cant. However, the trend was in the 
direction predicted and it is possible 
that with an increase in number of bonds 
the effect could be demonstrated. It 

ppears that Ss are not moved to 
abandon an absolute basis for responding 
even though this leads to a. significant 
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increase in errors with an increase in 
the number of bonds, 

The relational responders learned the 
problem with significantly fewer errors 
than the absolute responders. Kuenne 
(1946) interpreted similar results as 
suggesting that quick learners tend to 
respond relationally, while slow learners 
tend to respond in an absolute manner. 
The present authors prefer to interpret 
these data as suggesting that relational 
responding simply is a strategy leading 
to fewer errors, 

The significant increase in errors for 
absolute responders and the significant 
decrease in errors for relational re- 
sponders as number of bonds increased 
suggests a basically different approach 
among Ss in discrimination learning 
problems. The absolute responder is 
forced to form a discrete S-R bond or 
decision rule for each stimulus. Rela- 
tional responders need make only one 
S-R connection or decision rule, It is not 
clear whether rules for response produc- 
tion are being learned or whether the 
relational properties are taken as stimu- 
lus elements and S-R bonds in the usual 
sense are being formed between the 
relational property and the response. 
The decrease in acquisition errors for 
relational responders suggests that deci- 
sion rule learning is probably the process 
mechanism involved. As the number 
of distinctive exemplars of a relationship 
is increased so is the ease with which 
the identity classes can be identified 
and utilized by S. However, if the 
relational property behaves as a stimulus 
in an S-R learning process this decrease 
would not be expected. 
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PERSISTENCE TO CONTINUOUS PUNISHMENT FOLLOWING 
INTERMITTENT PUNISHMENT TRAINING! 


R. K. 


BANKS 


University of Waterloo 


Intermittent punishment of an instrumental approach response in rats 
increased the persistence of the response under continuous punishment 


conditions. 
account of PRE. 


Amsel's (1958, 1962) theoretical 
account of the partial reinforcement 
effect (PRE) provides the background 
for the present study. According to 
Amsel, nonreward following a minimal 
number of reward trials elicits an 
aversive state termed frustration. 
As nonreward trials are continued 
throughout partial reinforcement train- 
ing a classically conditioned anticipa- 
tory frustration reaction (rr — sr) 
develops to the goal area and is 
elicited through stimulus generaliza- 
tion and higher-order conditioning 
by stimuli preceding the goal. Since 
Sy is aversive, it initially elicits 
avoidance behavior which conflicts 
with approach to the goal. However, 
as training is continued, and sp is 
present on trials in which the instru- 
mental approach response is rein- 
forced, sr becomes associated with 
approach instead of avoidance tend- 
encies. When extinction trials are 
begun and sr is elicited for previously, 
partially, and regularly reinforced Ss, 
it elicits only avoidance tendencies for 
regularly reinforced Ss but approach 
tendencies for partially reinforced Ss. 
Partially reinforced Ss therefore dis- 
play more persistence in performing 


1 This research was supported by a grant, 
APA-102, from the National Research Council 
of Canada. The author is indebted to 
G. Goddard for technical advice and to D. 
Boisseneault for conducting the experiment 
and for several helpful suggestions. 


The results are interpreted in terms of Amsel's theoretical 


the instrumental response than regu- 
larly reinforced Ss. 

A direct transfer of Amsel’s account 
of PRE, substituting punishment for 
nonreward, allows the prediction that 
intermittent punishment during con- 
ditioning will produce a response 
that is highly resistant to regular 
punishment, If the analogous reason- 
ing is valid, intermittent punishment 
during training should result in stim- 
uli produced by anticipatory punish- 
ment (sp) antedating the goal. Ini- 
tially sp should elicit avoidance be- 
havior which competes with approach 
but within the boundary condition 
that the conflict is resolved in favor of 
continued approach to the goal, sp 
will be present on trials in which the 
approach response is reinforced and 
thus sp should become associated with 
the instrumental approach response. 
When continuous punishment trials 
are begun sp should elicit avoidance 
tendencies in Ss who were only 
rewarded (not punished) during train- 
ing, but approach tendencies in inter- 
mittently punished Ss.  Intermit- 
tently punished Ss should therefore 
show greater persistence in the face of 
regular punishment. 

Indirect evidence is available sug- 
gesting that Amsel's reasoning applies 
to punishment as well as to non- 
reward. Brown and Wagner (1964) 
and Miller (1960) have shown that 
the administration of punishment, of 
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gradually increasing intensity, during 
training increases persistence in ap- 
proach to a high level of continuous 
punishment. While these results are 
open to an interpretation based on 
the fact of gradually increasing pun- 
ishment intensity, they also are con- 
sistent with the interpretation that sp 
elicited approach tendencies under 
continuous punishment. 

The aim of the present study is to 
determine whether Amsel's theoretical 
model, as applied to PRE, can be 
successfully applied to the effects of 
intermittent punishment. Specifically, 
it is predicted that: (a) intermittent 
punishment initially will weaken the 
approach response, but (b) as training 
is continued and sp becomes associ- 
ated with approach, response strength 
will recover, and (c) when continuous 
punishment is initiated, Ss who had 
received intermittent punishment will 
show greater persistence in approach- 
ing the goal than control Ss who have 
received the same amount of ‘‘punish- 
ment" outside the training situation. 


METHOD 
Subjects 


Twenty experimentally naive male albino 
rats of the Wistar strain, averaging 75 days 
of age and 220 gm. in weight served as Ss. 
Prior to division into groups for intermittent 
punishment and control treatment, 4 Ss were 
discarded for habitual squealing when handled 
or cowering when placed in the apparatus. 
Assignment to experimental and control 
groups was carried out after initial training 
had been completed. The Ss were paired on 
the basis of performance during the last 
training session and one of each pair was 
randomly assigned to each group. 


Apparatus 


The apparatus was an enclosed alley, made 
of 1-in. plywood, 5 ft. long, 4 in. wide, and 
12 in. high. The first 7 and last 11 in. of the 
alley were separated from the remaining 
portion by pulley-operated guillotine doors, 
and served as start and goal compartments, 
respectively. A flat semicircular metal food 
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tray was attached $ in. above the grid floor 
and extended 2 in. from the end wall of the 
goal compartment. The grid floor, through 
which electric shock could be delivered in the 
goal section, consisted of j-in. bronze rods 
separated by j-in. spaces. 

Photocell units were placed at three points 
in thealley. The first unit was positioned 10 
in. from the start-box door, the second at the 
entrance of the goal box, and a third 12 in. 
from the end wall of the goal compartment 
and } in. above the food tray. A microswitch 
located at the start-box door activated the 
first of three recording timers individually 
connected to three photoelectric units (yield- 
ing start, running, and goal times, respec- 
tively). Each interrupted photobeam stopped 
one timer and activated the next. Interrup- 
tion of the last photobeam started a delay 
timer which, on appropriate trials, activated 
a shock generator, which delivered a shock of 
.32 ma. at 800 v. to the grid floor of the goal 
box. 

A plywood box, 12 in. high with a 7X 8in. 
base and a grid floor of }-in. bars at tin. 
intervals completed the apparatus. The 
box was painted black on the inside and had 
a plywood lid which kept the inside in almost 
complete darkness. The grid floor was con- 
nected to the shock generator. 


Procedure 


All Ss were caged individually and water 
was ad lib throughout the experiment. The 
Ss were tested in squads of eight (four experi- 
mental and four control Ss) at 6-hr. intervals. 
After familiarization training Ss’ food con- 
sumption was restricted to the food pellets 
placed in the goal box on each trial. 

Familiarization—All Ss were given five 
familiarization sessions during which they 
were handled, placed in the runway, and 
given free access, for approximately 3 hr., to 
P. J. Noyes Company food pellets weighing 
about .05 gm. The pellets were placed within 
the goal box near the food tray. i 

Approach training.—After familiarization 
all Ss were given five sessions of 15 reinforct 
trials. Three pellets of food were received on 
every trial during the first two sessions, tO 
facilitate approach training, and two pellets 
of food were received on every trial of eac 
succeeding session. At the beginning of eac 
trial, S was placed in the start box. When S 
was facing the door, and was not grooming, 
the door was raised allowing the animal to 
advance down the alley. The guillotine door 
of the goal box was closed behind S as he 
entered the goal area. After the pellets had 
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been taken from the food tray, S remained 
in the goal box for approximately 10 sec. 
and was then removed to his home cage for 
30 sec. before the onset of the next trial. This 
procedure was followed throughout the 
experiment. 

Intermittent punishment.—All Ss were 
given eight sessions of 10 trials to two food 
pellets per trial, when approach training was 
complete. Experimental Ss were shocked 
within the goal compartment on 3 of the 10 
trials, randomly selected on each session of 
testing with the limitation that no more than 
two shocks could be consecutive. On these 
trials a contact with the food interrupted the 
final photobeam and activated a .5-sec. delay 
timer which energized’ the shock generator. 
A shock of .1-sec. duration was then delivered 
to the grid floor of the goal box. Typically, 
shock occurred just after contact with the 
food pellet. If S failed to leave the start box 
or failed to break the final beam within 120 
sec. of starting, his running and goal time 
was recorded as 120 sec..and he was removed 
from the apparatus and returned to his home 
cage for 30 sec. before the next trial. Food 
consumption and shock administrations were 
kept constant by allowing S an extra trial 
(or trials) at the end of each session. 

Control Ss were never shocked within the 
alley at this time. About 4 hr. after each 
session these Ss were placed, individually, in 
the darkened plywood control box and given 
three shocks of the same intensity and dura- 
tion and with approximately the same spacing 
as those administered to experimental 5s. 

Continuous punishment.—Following inter- 
mittent punishment, both experimental and 
control Ss were given two sessions, of 10 trials 
each, in which punishment together with two 
food pellets was administered on every trial 
in the same temporal sequence as under 
intermittent punishment. 


RESULTS 


The results are summarized in Fig. 1 
which shows the mean sum of running 
and goal times for experimental and 
control Ss during training, inter- 
mittent punishment, and regular pun- 
ishment sessions. At the end of 
training both groups were performing 
with a mean latency of 1.3 sec. and 
the control group remained at this 
level while receiving control shocks. 
As soon as intermittent punishment 
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times for intermittently punished Ss and 
control Ss during training, treatment, and 
regular punishment. 


training began for experimental Ss 
they showed a sharp increase in 
latency until the fourth session and 
then a steady decrease until the end 
of intermittent punishment training. 
At this point they had almost reached 
the level of performance of control Ss. 
Under regular punishment there was 
a crossover between the groups at the 
second trial and the control group 
showed a marked slowing in perform- 
ance which reached the maximum 
latency of 120 sec. by the fourth trial, 
and remained near that level for the 
remaining 16 trials. The experimental 
group, on the other hand, showed 
comparatively little increase in la- 
tency and after the fourth regular pun- 
ishment trial appeared to show a slight 
decrease in latency over the remaining 
16 trials. During the 20 regular punish- 
ment trials experimental Ss made a 
mean of 18.4 responses (ie., reach- 
ing the food in 120 sec. or less after 
starting) compared to only 3.0 for 
control Ss. The Wilcoxon matched- 
pairs signed-ranks test (Siegel, 1956) 
yielded a T value of 0 (p < .01). 


Discussion 


The results give clear and consistent 
support to the experimental hypothe- 
sis of a parallel between punishment 
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and nonreward. Intermittent punish- 
ment training had an initial weakening 
effect on the approach response but as 
training was continued speed of ap- 
proach increased and when continuous 
punishment began, intermittently pun- 
ished Ss persisted in the punished re- 
sponse while control 5s typically refused 
to respond after the fourth punish- 
ment administration. 

The demonstration of a parallel be- 
tween punishment and nonreward can 
be seen as important for several reasons. 
At the lowest level it suggests that the 
effect of intermittent punishment on 
persistence to continuous punishment, 
like the effect of intermittent nonreward 
on persistence to continuous nonreward 
(PRE), should be sustained through 
blocks of continuous reinforcement trials 
(Theios, 1962), that it should be ob- 
served under widely spaced as well as 
under highly massed trials (Weinstock, 
1954), and that it should vary as a 
function of the frequency of intermittent 
punishment (Grant, Hake, & Hornseth, 
1951). 

At a higher level, the results suggest 
that, following the work of Ross (1964) 
on nonreward, the effect of intermittent 
punishment on persistence to continuous 
punishment should be observed through 
changed motivation and changed re- 
sponse conditions and that responses 
learned to sp should be elicited under 
such changed conditions. The present 
results also raise the question of simi- 
larities between punishment and non- 
reward. This suggests at least two 
hypotheses: (a) that punishment may 
have energizing effects, observable in 
faster approach to the goal under inter- 
mittent punishment, than when the re- 
sponse is only rewarded (this type of 
effect has been observed under inter- 
mittent nonreward; e.g., Goodrich (1959) 
and (b) that training under intermittent 
punishment may increase persistence 
to continuous nonreward and that train- 
ing under intermittent nonreward may 
increase persistence to continuous punish- 


ment. Brown and Wagner (1964) have 
reported data supporting the latter 
suggestion. 
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Although the results are consistent 
with Amsel's theory, the fact that trials 
were highly massed suggests the ap- 
plicability of the stimulus-trace explana- 
tion used by Sheffield (1949) to account 
for PRE. Further experimentation, 
using spaced trials (as suggested above), 
should indicate the relative applicability. 
of each interpretation. 

A further theoretical point concerns 
the particular reward-punishment para- 
digm required for the observation of 
greater persistence to continuous punish- 
ment following intermittent punishment 
training. In the present experiment 
punishment administrations, during both 
training and testing, were always coupled 
with reward. In terms of Amsel’s 
formulation, however, the same phe- 
nomenon would be predicted when 
punishment administrations during both 
training and testing are not coupled 
with reward (ie. when each trial is 
either a reward trial or a punishment 
and nonreward trial). 

While the results have considerable 
theoretical interest they have some in- 
triguing practical implications for disci- 
pline and the concept of courage, as 
defined by Mowrer (1960). In terms of 
discipline, the intermittent punishment 
paradigm has some similarity to incon- 
sistent discipline and the present results 
suggest that such discipline merely in- 
creases the persistence of a response 1n 
the face of regular punishment, or con- 
sistent discipline. From the point of 
view of Mowrer’s concept of courage 
the present paradigm represents at least 
one procedure whereby courageous be- 
havior (ie. persistence in spite of 
aversive stimulation) may be learned. 
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RESOLVING OF SUCCESSIVE CLICKS 
BY THE EARS AND SKIN? 


GEORGE A. GESCHEIDER ? 
University of Virginia. 


When 2 successive clicks are presented to the ears either a single sound 
image or 2 successive sound images is perceived, depending on the 
temporal difference between the 2 stimuli, In agreement with previous 
findings, the time difference necessary for binaurally resolving 2 equally 
loud clicks was 1.8 msec. The comparable monaural threshold was 1.6 
msec. When the fingertips were stimulated the pulses had to be 
separated by 10-12.5 msec., depending on the locus of stimulation. In 
both auditory and cutaneous stimulation manipulation of the intensity 
relationship between the 1st and delayed stimulus produced large 
changes in thresholds. As the delayed stimulus was attenuated from 
0 to 15 db. the threshold rapidly increased, but when the 1st stimulus 
was attenuated from 0-20 db. the threshold decreased slightly at 5-10 


db. and then began to increase gradually. 


When two clicks of equal loudness 
are presented simultaneously, one to 
each ear, the sound image is localized 
in the median plane. If, however, 
one of the clicks is delayed by as 
little as 30-50 usec. the sound image 
will be perceptably shifted from the 
median plane toward the ear first 
stimulated (Gescheider, 1965 ; Klumpp 
& Eady, 1957). It has also been 
found that as the time difference is 
increased the sound image becomes 
more and more displaced laterally 
(Békésy, 1930; Gescheider, 1965; 
von Hornbostel & Wertheimer, 1920; 
Klemm, 1920). However, when time 
differences are as great as 2 msec. 
the image breaks up into two images 
heard successively, one in each ear. 

Similar time-difference effects have 
been observed when clicks are pre- 
sented to the skin through appro- 
priate transducers (Békésy, 1957; 
Gescheider, 1965; Klemm, 1925). 
Gescheider found, however, that the 
magnitude of the cutaneous time- 
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difference effect as measured by time- 
difference thresholds and image dis- 
placement was considerably less than 
that observed for hearing and that the 
effect also varied with the locus of 
stimulation. In the present experi- 
ment a third measure of temporal 
sensitivity, viz, the time difference 
necessary for resolving two clicks, 
was employed for auditory and cuta- 
neous stimulation. Resolution thresh- 
olds were measured for binaural and 
monaural stimulation and for stimu- 
lation of the bilateral index fingertips, 
ring and index fingertips of the same 
hand, and a single area on the index 
fingertip. Measurements were made 
both when the two successive clicks 
were of equal loudness and when they 
differed in intensity by varied amounts. 


METHOD 


Subjects —Four male students served as Ss. 

Apparatus.—A set of Tektronix 160-series 
components consisting of a power supply, 
waveform generator, and two pulse generators 
was used to generate 1-msec. square wave 
electrical pulses of variable time of onset. 
Signals from the pulse generators served to 
trigger two transistorized switches which 
applied 6-v. dc pulses to the transducers for 
1 msec. Intensity level was regulated by 
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calibrated T pads placed before the transducer 
in each channel. Goodman's V-47 vibrators 
were used for both cutaneous and auditory 
stimulation to insure comparable mechanical 
waveform for all conditions. The response of 
this vibrator to a 1-msec. electrical square 
wave is an initial large positive displacement 
of the vibrator contact followed by a large 
negative displacement and a series of smaller 
positive and negative displacements (Sher- 
rick, 1964). The duration of the major 
activity is approximately 10 msec. 

‘Audible clicks were delivered to Ss by 
placing the vibrator 2 in. from the ear. The 
S placed his chin on a foam-rubber pad 
attached to a horizontal bar on a microphone 
stand. The vibrators were also mounted to 
the horizontal bar and could be accurately 
positioned with respect to S’s ears. When the 
bilateral and ipsilateral fingertips were 
stimulated, pressure of the vibrator contact 
on the skin was maintained relatively con- 
stant by counterweighting the shaft on which 
the vibrator was mounted. The S sat with 
his hands resting on his knees and with his 
fingers extended so that the fingertips were in 
contact with the vibrators. The mechanical 
linking of the two vibrators by attaching the 
contactors to a small metal ring (1} in. 
diameter) permitted cutaneous stimulation 
of a single area of the fingertip (Fig. 1) Two 
clicks of variable intensity and time of onset 
were presented to the same area on the index 
fingertip by placing S's finger through the 
ring and on a contactor attached to the inner 
side of thering. Since the two vibrators were 
on opposite sides of the ring the polarity of 
one of the vibrators was reversed so that the 
contactor moved forward against the finger 
as one vibrator pushed and the other pulled. 
This arrangement was also used for monaural 
stimulation. 

Procedure.—Two clicks were presented to 
S through the vibrators and his task was to 
report whether he perceived one or two clicks. 
The .S was instructed to report "two" when 
sensations in different ears or on different skin 
areas were temporally separated, or when he 
perceived a rough rather than a smooth 
sensation in one ear or on one skin area. The 
method of limits was used to measure the 
time difference between the onset of two 
clicks necessary for the resolution of two 
sensations. Five ascending and five descend- 
ing series were administered to each S for each 
experimental condition. 

Cutaneous thresholds were obtained for 
stimulation of the bilateral index fingertips, 
the ipsilateral ring and index fingertips, and a 
single area on the index fingertip. Auditory 
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Fic. 1. Diagram of system for mechanically 
linking two vibrators. 


thresholds were obtained for binaural and 
monaural stimulation. At the beginning of 
the experiment each channel was set to 
approximately 35-db. SL for cutaneous 
stimulation and 60-db. SL for auditory 
stimulation so that moderately intense 
stimuli could be presented to both the skin 
and ear. Nine intensity differences were 
investigated. Thresholds were measured 
when the channels were matched for subjec- 
tive intensity (0-db. difference). Intensity 
differences of 5, 10, 15, and 20 db. in favor of 
the delayed stimulus were produced by 
attenuation of the first stimulus. Intensity 
differences of 5, 10, 12.5, and 15 db. favoring 
the first stimulus were produced by attenua- 
tion of the delayed stimulus. During each 
session two ascending and two descending 
thresholds were obtained for each of the nine 
intensity-difference values for one of the five 
loci described above. When the two ears, 
the bilateral index fingertips, or the ipsilateral 
fingertips were stimulated, the stimulus of the 
left channel was delayed in half of the series 
and in the other half the stimulus of the right 
channel was delayed. The order of conditions 
within a session was random, and the loci 
were also assigned randomly to the experi- 
mental sessions. 


RESULTS AND DISCUSSION 


The skin and ear differ greatly in 
their ability to resolve successive 
stimuli. When the two stimuli were 
of equal subjective intensity they 
were perceived as temporally discrete 
if they were separated by 1.8 msec. 
for binaural stimulation and 1.6 msec. 
for monaural stimulation. In cuta- 
neous stimulation, however, the stim- 
uli had to be separated by 10-12.5 
msec. to be resolved, depending upon 
the locus of stimulation. When the 
ring and index fingertip of the same 
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hand or a single area on the index 
fingertip were stimulated the mean 
thresholds were 10.0 msec., but when 
the bilateral index fingertips were 
stimulated the mean threshold was 
12.5 msec. These findings are con- 
sistent with the results obtained in a 
series of experiments in which cuta- 
neous sound localization was found 
to be far less dependent upon temporal 
difference cues than was auditory 
localization (Gescheider, 1965). Fur- 
thermore, when clicks were used as 
stimuli the relatively small time- 
difference effects on the skin were 
dependent upon the locus of stimula- 
tion. As in the present experiment, 
time-difference effects were smallest 
when the bilateral fingertips were 
stimulated and somewhat greater 
when the ring and index fingertips of 
the same hand were stimulated. The 
results of the sound-localization ex- 
periments and the present results 
on resolving power indicate that the 
skin and ear differ greatly in their 
sensitivity to small temporal dif- 
ferences in stimulation and that the 
magnitude of the cutaneous effects 
depends on the spatial relationship 
between stimulated areas.  Békésy 
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Fic. 2. Mean resolution threshold in 
milliseconds for auditory and cutaneous 
conditions as a function of the intensity 
difference between the two stimuli. 
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(1957), however, has reported sensi- 
tivity to time differences, as meas- 
ured by displacement of a sensation, 
to be the same for stimulation of the 
ears, thumb, finger, arm, leg, and 
chest, and even for the bilateral finger- 
tips (Békésy, 1958). An explanation 
of the different results of the two sets 
of experiments in terms of differences 
in techniques or procedures is not 
obvious from the published descrip- 
tions of Békésy’s experiments. 

Manipulating the intensity rela- 
tionship between the first and the 
delayed stimulus produced large 
changes in resolution thresholds (Fig. 
2). When the delayed stimulus was 
attenuated from 0 to 15 db. the 
threshold rapidly increased, but when 
the first stimulus was attenuated 
from 0-20 db. the threshold decreased 
slightly and then began to increase 
gradually. Thus the best resolution 
of clicks by both the skin and ears 
did not occur when the two stimuli 
were of equal subjective intensity 
but when the first stimulus was 5-10 
db. less intense than the delayed 
stimulus. These findings suggest 
that a prior stimulus may exert an 
inhibitory effect suppressing activity 
produced by a second stimulus and 
that this suppression may be reduced, 
or compensated for, by making the 
delayed stimulus more intense than 
the. first stimulus. Evidence for 
inhibitory effects in successive stimu- 
lation when stimuli are separated by 
greater time intervals than the reso- 
lution threshold has also been re- 
ported. If when two successive cu- 
taneous sensations are clearly felt 
the temporal separation between stim- 
uli is less than 500 msec., the intensity 
of the second sensation will tend to be 
reduced relative to the first (Rosner, 
1961). 

It may be concluded that although 
the ear is a great deal more sensitive 
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than the skin to small time differences 
between stimuli, the results of in- 
tensity-difference manipulations sug- 
gest that similar inhibitory mecha- 
nisms may operate for both modalities 
in the resolution of successive stimuli. 
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DRIVE AND THE RANGE OF CUE UTILIZATION ! 


DONNA J. ZAFFY AND JAMES L. BRUNING 
Ohio University 


This study was designed to test Easterbrook's (1959) generalization 
that increased drive is associated with a reduction in the range of cue 
utilization. 45 Ss with scores in the upper 20% and 45 with scores 
in the lower 20% on the Taylor Manifest Anxiety scale were randomly 
assigned to 1 of 6 experimental groups. The experimental tasks in- 
volved learning a sequence of positional responses to which no cue (NC), 
a relevant cue (RC), or an irrelevant cue (IC) had been added. Sta- 
tistical analysis of the results indicated that the cues effect, trials effect, 
and Trials X Cues X Anxiety interaction were significant. The find- 
ings of the study were interpreted as generally supporting Easterbrook's 


(1959) position. 


Generalizing from empirical results 
of perceptual and incidental learning 
studies, Easterbrook (1959) proposes 
that increased drive is associated with 
a reduction in the range of cue 
utilization. Drive, according to 
Easterbrook, is a generalized state, 
synonymous with emotional arousal. 
The reduction in the range of cue 
utilization involves, basically, a focus- 
ing of attention or narrowing of the 
perceptual field. Thus, if relevant 
cues are added to a task, heightened 
drive will impair performance. Con- 
versely, if irrelevant cues are added, 
increased drive will facilitate per- 
formance. Both effects are attribu- 
table to a reduction in the range of 
cue utilization. 

Eysenck and Willett (1962), using 
a task with many relevant cues, 
found that high drive impaired per- 
formance, thus supporting Easter- 
brook’s (1959) position. Braley (1962), 
however, used a concept-formation 
task and failed to find the expected 
inverse relationship between motiva- 
tional level and utilization of cues. 

Thus, the empirical results have 
been equivocal and no study has 
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been conducted which measured the 
effect of increased motivation on the 
same task when either relevant or 
irrelevant cues were added. The 
purpose of the present study is to 
determine if generalized drive, as 
measured by the Taylor Manifest 
Anxiety scale (Taylor, 1953), is in- 
versely related to the range of cue 
utilization when relevant or irrelevant 
cues are added to the experimental 
task. 


METHOD 


Subjects:—The Taylor Manifest Anxiety 
scale (MA) was administered to 1,117 
students enrolled in elementary psychology 
courses at Ohio University. From this pool, 
45 students who scored in the upper 20% 
(23 and above) and 45 who scored in the 
lower 20% (10 and below) were selected to 
participate in the performance part of the 
experiment. An equal number of males and 
females was used. 

Task and apparatus—The experimental 
task consisted of 19 multiple-choice items 
with five choices per item. The choices were 
five zeros from which S was to pick the 
correct one. 

There were three cue conditions. In the 
no-cue (NC) condition, the zeros appeared 
alone so that S had to learn the correct choice 
on the basis of position only. In the relevant- 
cue (RC) condition, the numbers 1 through 
5 were assigned as subscripts to each zero 
so that the cues (numbers) and the position 
of the zero corresponded. Thus, S could 
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TABLE 1 


SAMPLE OF ITEMS FOR EACH 
or THE CUE CONDITIONS 


No Cue Rel. Cue Irrel. Cue 
0 O OjO: Os 0; Os Os | Oz O, Oi O: Os 
0| 0: o Os Os Os | Os Os Oz O: Os 


0 
0 0| Or Oz Os Os Os | Os 01 Os Os Os 
0 0, 0: 


learn the correct sequence by memorizing 
either the position or the subscript numbers. 
In the irrelevant-cue (IC) condition, a num- 
ber was randomly assigned to each zero with 
the restriction that the cue (number) and the 
position of the zero did not coincide. 

The first three items for the three cue 
conditions are presented in Table 1. In all 
cue conditions, the sequence of correct 
responses was the same. 

The items in all of the cue conditions were 
typed on tapes and presented by a Lafayette 
memory drum. The S indicated his choice 
for each of the items by pressing one of five 
telegraph keys which corresponded to the 
positions of the zeros. These five keys were 
spaced 1 in. apart and placed directly in 
front of Ss. Five lights were placed on the 
back of the shield which separated S and E 
so that, when S depressed a key, one of the 
lights flashed indicating which choice S had 
made. 

Procedure.—The Ss were contacted in- 
dividually and asked to participate in the 
experiment. The high- and low-anxious Ss 
were randomly assigned to one of the three 
cue conditions, making a total of six groups 
of 15 Ss each. 

Each S was told that he must learn a 
sequence of choices and was instructed to 
depress a key to indicate his choice on each 
of the 19 items. All Ss learned the task by 
the serial-anticipation method and completed 
15 trials. The items were presented at a 
2/2 sec. rate with a 4-sec. intertrial interval. 


RESULT AND DISCUSSION 


The data were grouped into five 
blocks of three trials each. These 
results are presented in Fig. 1. An 
analysis of variance was used to 
assess cue, anxiety, and trials effects. 

From Fig. 1 it can be seen that the 
overall performance of Ss in the RC 


condition tended to be above the 
level of Ss in the NC condition and 
also, that the performance of the NC 
Ss was superior to that of the IC 
Ss. 'This was substantiated by the 
statistical analysis which revealed 
that the cue effect was significant, F 
(2, 84) = 19.05, p < .001. Further 
analysis of the cue effect revealed 
significant differences between the 
means of the NC and IC groups, t (84) 
= 2.43, p < .025; and the RC and IC 
groups, t (84) = 3.24, p < .01. The 
difference between the means of the 
RC and NC groups was not sig- 
nificant, ¢ (84) = .786. Verbal re- 
ports of Ss following the experiment 
indicated that many Ss in the NC 
condition had covertly associated 
numbers with the positions of the 
zeros. Thus, the implicit cues used 
by Ss in the NC condition were the 
same as the relevant cues assigned in 
the RC condition. 

Neither the main effects of anxiety 
nor the Anxiety X Cues interaction 
was significant indicating that there 
were no overall mean differences in 


W—BREL CUE-10 A 
B— —-MB REL CUE-HI A 
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€-—-—9 NO CUE -HI A 
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&-— —À IRREL CUE- HI A 


50 


S 2g S 
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5 


1 2 3 4 5 
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Fic. 1. Mean number correct responses 
per block of three trials. 
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performance due to anxiety level, F 
(1, 84) = 1.14; F (1, 84) = 1.45. 

The significant F ratio for the trials 
variable, F (4, 336) — 101.62, p<.001; 
indicated that there was an overall 
improvement in performance as a 
function of trials. Neither the Trials 
X Anxiety nor the Trials X Cues 
interaction was significant, F (4, 
336) = A7, F (4, 336) = 1.09. This 
suggests that there was no differential 
effect over trials due to cues or anxiety 
levelalone. However, the triple inter- 
action of Trials X Cues X Anxiety 
was significant, F (8, 336) = 9.72, 
p «.001. This indicates that the 
effect of additional cues on the rate 
of learning was a function of .Ss' 
anxiety level. 

A more detailed analysis of this 
interaction indicated that, within the 
high-anxiety level, the differences 
across trials between the NC and RC 
groups and between the NC and 
IC groups were nonsignificant, F (8, 
336) = .25; F (8, 336) = 1.45. There 
was, however, a significant difference 
across trials between the RC and IC 
groups, F (8, 336) = 2.25, p < .025. 

Within the low-anxiety level, all 
of the F ratios resulting from a 
comparison of the NC, RC, and IC 
groups across trials were significant 
beyond p < .001, F (8, 336) = 3.33; 
F (8, 336) = 4.49; F (8, 336) = 6.80. 


On the basis of these findings, it may 
be concluded that high- and low-anxious 
Ss responded to the additional cues in a 
different manner. Apparently, the low- 
anxious Ss responded to both relevant 
and irrelevant cues. Addition of a 
relevant cue enhanced performance while 
the addition of an irrelevant cue impaired 
performance, resulting in the divergence 
of the curves representing the three 
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cue conditions. In comparison, the per- 
formance curves representing the high- 
anxious RC and IC Ss were statistically 
parallel to the one representing the NC 
Ss. This suggests that high-anxious Ss 
tended to ignore the additional cues and 
responded in the same manner as when 
no cues were present. From this, it 
may be inferred that heightened drive is 
associated with a reduction in the range 
of cue utilization as Easterbrook (1959) 
maintains. 

One additional point worth mention 
concerns the apparent discrepancy be- 
tween the present findings and previous 
studies which report that high-anxious 
Ss do more poorly on difficult tasks than 
low-anxious Ss (Spence, 1960). It is 
important to note that in these previous 
studies, the difficulty of the task or 
material which Ss had to learn was varied. 
However, in the present situation, the 
task to be learned was the same for all 
Ss and any differences in difficulty were 
determined by the amount of attention 
paid to the subscript numbers. Thus, 
for the high-anxious Ss a restriction in the 
range of cue utilization tended to make 
the task relatively easier to learn than 
for the low-anxious Ss. 
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STIMULUS GENERALIZATION OF A POSITIVE 
CONDITIONED REINFORCER: III. THE NEW 
LEARNING METHOD* 


SALVATORE C. CARONITE? an» DAVID R. THOMAS 
Kent State University 


72 pigeons were given 10 days of VI 1/2 training to peck at a key 
illuminated by a light of 550 my and then were assigned to 4 groups 
(n—18 each) which were placed in the experimental chamber with 
the key darkened and were allowed to treadle press to produce 2-sec. 
exposures of 550, 530, 510 my, or no stimulus on the key, respectively. 
Key pecking was not reinforced during the test. 2 measures of treadle- 
pressing performance (number of presses and time to extinction crite- 
rion) both revealed significant generalization gradients, indicating that 
like eliciting, discriminative and emotional functions of stimuli, condi- 
tioned reinforcement is also subject to generalization effects. 


The generalization of the reinforc- 
ing effect of a stimulus was demon- 
strated in a study by Thomas and 
Williams (1963). These investigators 
trained pigeons to peck at a darkened 
key for aperiodic 2-sec. exposures of 
a 550-my light on the key immediately 
followed by 3 sec. of access to food. 
The Ss were then randomly assigned 
to four groups and tested for resistance 
to extinction with 550, 530, 510 mp, 
or no stimulus on the key, programed 
on the same VI schedule used in train- 
ing. The result was a reliable decre- 
mental gradient with the highest num- 
ber of responses made to produce the 
550-mp stimulus, the original condi- 
tioned reinforcer. 

Thomas and Caronite (1964) de- 
veloped a procedure permitting the 
determination of a generalization gra- 
dient of conditioned reinforcement in 


1This study was supported in part by Re- 
search Grant NIH-HD-00903-03 under the 
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formed by the first author in partial fulfill- 
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ported at the meetings of the Midwestern 
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individual organisms.  Pigeons were 
trained as in the Thomas and Williams 
study with the exception that half of 
them received discrimination training 
consisting of the concurrent scheduling 
of VI 1 with 550-mp presentations 
always followed by food and VI 1 
with 570 mp presentations never fol- 
lowed by food. The generalization 
test in extinction allowed .$ equal op- 
portunity to peck the blank key to 
produce 2-sec. exposures of five test 
stimuli (510, 530, 550, 570, and 590 
mp). Responding to produce the 
light showed a reliable decremental 
gradient which peaked at the 550-mp 
for the control group and at the 530- 
mp stimulus for the experimental 
(discrimination) group. The gradient 
for the experimental group showed an 
elevation and a displacement of the 
peak parallel to that which occurs with 
generalization of the discriminative 
function of the stimulus following suc- 
cessive discrimination training (Han- 
son, 1959; Thomas, 1962). 

The Thomas and Williams (1963) 
and Thomas and Caronite (1964) ex- 
periments both employed the resist- 
ance-to-extinction (ie., maintained re- 
sponding) procedure to demonstrate 
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conditioned reinforcement effects. The 
present study utilized the new-learning 


paradigm for this purpose. 


METHOD 


Subjects —The Ss were 72 homing pi- 
geons, reduced by restricted feeding to 70% 
of their ad libitum weight and maintained at 
this level throughout the experiment. 

Apparatus—This study employed two 
identical Skinner-type automatic key-peck- 
ing apparatus, described in detail by Hiss 
and Thomas (1963), and modified as fol- 
lows for purposes of the present experiment. 
A 1łX4} in. treadle was attached to the 
grid floor 1ł in. from the feeder wall and 
1} in. from the right-hand wall of each ex- 
perimental chamber. The treadle formed a 
10* angle with the grid floor at its fixed 
point 1} in. from the feeder wall. A 3-in. 
depression of the free end of the treadle ac- 
tivated a microswitch fixed to the underside 
of the grid. It is to be noted that the 
treadle was placed toward the side of the 
box and thus was removed from the areas 
where S would normally stand while key 
pecking or feeding. Only one experimental 
chamber was used for testing purposes; its 
treadle microswitch was placed in circuit 
with two Hunter timers, Model 100-b, such 
that activation of the microswitch resulted 
in a 2-sec. exposure of light on the pecking 
key. Each 2-sec. exposure required a dis- 
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Fic. 1. Two measures of treadle-press re- 
sponding as a function of the stimulus conse- 
quences of treadle pressing. 
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crete response by S, ie. stepping off the 
treadle and then back on it. 

Procedure—All Ss were trained to peck 
at a translucent key continuously illuminated 
by a 550-my stimulus. After 2 days of 50 
continuous reinforcements each, Ss were 
given successive daily sessions of fixed-ratio 
responding (FR 15 and FR 25) to build up 
their response rates. All Ss then received 
10 daily sessions of VI 1/2 training. Dur- 
ing key-peck training the treadle was pres- 
ent but inoperative (ie, it was locked in 
place flat against the wire mesh floor). 

On the day following the tenth day of VI 
training Ss were randomly assigned to four 
groups of 18 Ss each. On this day the key 
was not illuminated but a dim ceiling light 
illuminated the experimental chamber. The 
treadle was made operative so that each 
treadle press produced a 2-sec. exposure on 
the pecking key of a light of 550 mu (for 
Group 1), 530 mu (Group 2), or 510 my 
(Group 3). The control group (Group 4) 
pressed the treadle with no light ever ap- 
pearing on the key. Regardless of the group, 
the treadle was made inoperative (ie, did 
not record) for 2 sec. following each treadle 
press so that opportunity to record treadle 
presses was equated for all four groups. 
During the test no food reinforcement was 
given and the key was inoperative. Two 
measures of treadle-pressing performance 
were taken: number of presses and time to 
an extinction criterion of 5 min. without 
pressing. 


RESULTS 


In this experiment each measure of 
new learning was a composite includ- 
ing data from both the acquisition and 
extinction of the treadle-pressing re- 
sponse. Starting from the first treadle 
press we recorded the responses and 
time to an extinction criterion (i.e. 
the return to operant level). With Ss 
trained to key peck and feed from the 
front and center section of the floor, 
the operant level of treadle pressing in 
this apparatus was very low. For this 
reason a rigorous extinction criterion 
of 5 min, without treadle pressing was 
employed for the four groups. The 
upper curve in Fig. 1 presents the 
median number of treadle presses made 
by each group and the lower curve 
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presents the median number of minutes 
required by each group to achieve this 
same extinction criterion. 

The data on responses to extinction 
were subjected to nonparametric anal- 
ysis of variance, since both the assump- 
tions of normality and homogeneity of 
variance were violated. A Kruskal- 
Wallis one-way analysis of variance by 
ranks revealed: H (3) = 15.73, p< 
.005. A similar analysis of the data 
on minutes to extinction yielded a 
comparable result; H (3) = 15.27, 
p < .005. 

Since Ss in the control group re- 
ceived no key light for treadle press- 
ing, the performance of this group in 
the test requires explanation. The 
elevation of treadle-pressing rate above 
operant level at the beginning of the 
test is best explained by the assump- 
tion that the novelty of treadle pressing 
is itself reinforcing. Additional re- 
sponding in the experimental groups 
may then be attributed to the condi- 
tioned reinforcing effects of the light 
which followed treadle pressing in 
these groups. 


Discussion 


In agreement with past studies em- 
ploying the resistance-to-extinction pro- 
cedure, the present experiment demon- 
strates the lawful systematic generaliza- 
tion of the reinforcing property of a 
stimulus as measured by the new-learning 
method. Can other interpretations ac- 
count for the data reported here? The 
“discrimination hypothesis” (Bitterman, 
Fedderson, & Tyler, 1953) states that an 
S continues to respond to the degree that 
it cannot discriminate between the end of 
reinforced training and the beginning of 
testing in extinction. In this study the 
test was carried out on the day after 
the end of reinforced training; the key 
was illuminated during training but was 
dark during testing; key pecking during 
the test had no effect, only the treadle 
press was relevant. It is thus not rea- 
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sonable to argue that Ss failed to dis- 
criminate between training and testing 
conditions. 

Bugelski (1956) has argued that the 
conditioned reinforcer is a cue which 
elicits a chain of behavior (e.g., approach 
to the food magazine, feeding, return 
from the magazine to the manipulandum, 
etc.) which eventually leads to another 
response. This “elicitation” interpreta- 
tion is most applicable to a resistance to 
extinction procedure. In the present 
study the response chain established in 
training (from the key to the feeder back 
to the key) was not elicited in the test 
situation. Instead a new component 
(treadle press) was added to the chain 
and later members (key peck, eating, etc.) 
were either extinguished or allowed to 
drop out. Thus the elicitation hypothesis 
does not apply to the present situation. 

Wyckoff, Sidowski, and  Chambliss 
(1958) have suggested that the "con- 
ditioned reinforcing stimulus" serves as 
a cue for subsequent behavior (e.g., ran- 
dom activity, instrumental or consumma- 
tory behavior) which facilitates the re- 
sponse said to reflect conditioned rein- 
forcement. This “facilitation hypothesis" 
was considered in designing the experi- 
mental compartment used in this study 
such that the key and treadle were ade- 
quately spatially separated. The Ss de- 
veloped a chain of behavior: treadle 
pressing, leaving the treadle to approach 
and peck the key, returning to the treadle, 
etc. There was little tendency for Ss 
to approach the food tray at the offset 
of the key light; apparently, the magazine 
approach response was conditioned only 
to the sight and sound of food delivery. 
The Ss who pressed the treadle most 
tended to be those who pecked the key 
most. Thus those Ss who left the treadle 
fastest to get to the key and who spent 
more of their time at the key rather 
than at the treadle still pressed the 
treadle most often. Although it is true 
that Ss had to step off the treadle be- 
fore pressing it again they typically did 
so (regardless of the group they were 
in) well within the 2-sec. period during 
which another press could not be recorded. 
Leaving the treadle earlier in this 2-sec. 
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period to approach the key thus does not 
facilitate additional treadle pressing. In 
view of these facts, a facilitation interpre- 
tation of these results appears untenable. 

The conclusion that the observed dif- 
ferences in the performance of the treadle- 
pressing response by the four groups is 
attributable to the differential reinforcing 
effect of the monochromatic stimuli seems 
amply justified. This study thus supports 
Thomas and Williams’ (1963) contention 
that the reinforcing function of a stimulus 
generalizes to other stimuli in the same 
fashion as does the eliciting, discrimina- 
tive, and emotional functions. 
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VERBAL REPETITION AND CONNOTATIVE CHANGE* 


HARRIETT AMSTER an» LYNETTE DIAMOND GLASMAN 


University of California, Berkeley 


The effect of frequency of repetition on the connotation of words was 
investigated in 2 experiments, There was a significant linear increase 
in the rated goodness of meaningless materials with increased amounts 
of repetition. Moreover, the overall increase in connotation with repe- 
tition occurred when the items were rated in the context of meaning- 
less materials, but not when they were rated in the context of words. 


This investigation considers the ef- 
fects of verbal repetition on rated 
Goodness (G), and Activity (A) and 
Strength (S) are also considered. It 
has been suggested that familiarity re- 
sulting from frequency of usage may 
be a sotirce of connotative pleasantness 
(Postman, 1952). Although the posi- 
tive correlation between word fre- 
quency and G (Johnson, Thomson, & 
Frincke, 1960) is consistent with this 
hypothesis, the most conclusive evi- 
dence is that experimentally induced 
frequency seemed to increase the rated 
G of meaningless words (Johnson et 
al, 1960). However, it is necessary 
to control for the assignment of words 
to conditions in order to establish this 
finding. 

Evidence for semantic satiation, re- 
cently reviewed by Amster (1964b) 
indicates that the effect of continuous 
verbal repetition is to induce connota- 
tive neutrality or satiation. However, 
in contrast, the results by Johnson et 
al. (1960) suggest that verbal repeti- 
tion induces consistent generation, i.e., 
increases connotative extremeness in 
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one direction. The discrepancy be- 
tween the investigations may be a 
function of (a) the use of words 
in satiation studies and meaningless 
words in the other, (b) the fact that 
at the outset, the connotations of the 
items were usually pleasant in the sa- 
tiation case and neutral in the second, 
(c) variations in the verbal context 
of the repeated items, (d) whether 
repetition was continuous, (e) differ- 
ences in amount of repetition, (f) dif- 
ferences in the conditions of exposure 
to the items, and (g) differences in 
scoring procedures. The present ex- 
periments were designed to consider 
the first three sources of discrepancy 
as relevant to the problem of genera- 
tion. They involve a replication of the 
method employed by Johnson et al. 
(1960) with minor procedural modi- 
fications. Important additions include 
the use of words in addition to mean- 
ingless items, several scales of connota- 
tion, and varied contextual material. 
The initial connotation of the materials 
was neutral which permits the direc- 
tion of connotative change to be as- 
sessed if consistent, but prevents obser- 
vation of satiation, a shift toward neu- 
trality. 


EXPERIMENT I 
Method 
Subjects—The Ss, 32 upper divin and 


graduate students from two classes of edu- 
cational psychology at the University of 
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TABLE 1 


MEAN DIFFERENCES BETWEEN PRE- AND POST- 
TREATMENT ON THE GOOD-BAD AND ACTIVE- 
PASSIVE SCALES AS A FUNCTION OF 
FREQUENCY AND EXPERIMENTAL 
CONDITION For Exp. I 


Frequency 
Condition 
1 2 5 10 
Good-Bad Scale 
Experimental | —.19 | .23 2251 5555 
Control —.33 | .41 | —.30 24 
Active-Passive 
Scale 
Experimental | —.09 | .11 43| .28 
Control —.46|.21 | —.15| —.12 


California, Berkeley, were tested in intact 
classes. Two groups of eight Ss each were 
postexperimentally drawn at random from 
the subgroups of each class. 
Materials.—Two lists were constructed, 
one of meaningless syllables and the other 
of words. The former consisted of 20 seven- 
letter Turkish words used by Solomon and 
Postman (1952) and Johnson et al. (1960) 
embedded among 20 other Turkish words as 
buffer stimuli, The latter consisted of 20 
adjectives, six to eight letters in length? 
matched as closely as possible with the Turk- 
ish words in three respects; length, fre- 
quency, and neutrality of evaluative connota- 
tion. The word counts (Thorndike & 
Lorge, 1944), 3-23 per million, were low. 
Mean favorableness as rated by 400 San 
Francisco State College undergraduates (Po- 
dell, 1963) fell between 4.5 and 5.0 on a 9- 
point scale. Words not rated by 2596 or 
more of the raters were excluded. The 20 
adjectives were embedded in a list of 20 
buffer adjectives of which half were favor- 
able and half unfavorable, i.e., 10 were rated 
6.0 to 9.0 and 10 were rated 1.0 to 4.0.5 
Experimental design—A mixed design was 
employed in which four independent groups 
received meaningful or meaningless mate- 
rials and the experimental or control treat- 
ment. For the repeated measure, frequency, 


?An insufficient number of seven-letter 
words meeting both criteria was available. 

8 This procedure was carried out because 
20 additional neutral words were not avail- 
able. It should have the effect of maintain- 
ing the neutrality of the critical words since 
both extremes were equally represented. 
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each S in the experimental group received 
five words in each of four frequency condi- 
tions; specifically, 1, 2, 5, and 10 exposures. 
The ratings of the four sets of words were 
used as dependent variables. The assign- 
ment of words to frequency conditions was 
the same as used by Johnson et al. (1960). 
All Ss rated words on two scales, G and A, 
and rated them in that order. One type of 
material was presented to each class which 
was randomly divided into control and ex- 
perimental groups. 

Procedure.—In the pretreatment procedure, 
Ss in two intact classes rated either adjec- 
tives or Turkish words for G and A using 
9-point scales on which 9 was very, very 
good and very, very active. Assignment of 
Ss to materials and to two different orders 
of items was random. The experimental 
treatment was administered approximately 1 
mo. after the initial ratings. While the ex- 
perimental Ss were exposed to the critical 
words, control Ss were sent to a nearby 
lounge. The experimental groups were in- 
structed as follows: 


This experiment is part of a study con- 
cerned with implicit pronunciation. I am 
going to show you some slides. On each 
slide is a (strange) word. I would like 
you to look at each word carefully and 
then pronounce it to yourself (in the way 
it would be pronounced in the English 
language). 
The words were successively exposed for 4 
sec. using a 2 X 2 automatic slide projector. 
For the posttreatment ratings Ss were given 
the same materials as in the pretreatment, 
but in a different order. 


Results 


Separate analyses of variance were 
performed for each scale. The de- 
pendent variables were the change in 
connotative ratings from the pre- to 
the posttreatment trial, and the change 
in the standard deviation of the ratings 
given by each S to the five words as- 
signed to a given frequency level. 
However, since there were no statis- 
tically reliable effects in the latter anal- 
yses, they will not be mentioned fur- 
ther. 

The interaction between Frequency 
and Condition was not significant; for 
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both G and A, F (3,84) = 2.17, p > 
.05. The means showed an increase 
in G and A for the experimental group 
from the pre- to the posttreatment 
rating as shown in Table 1. For the 
good-bad scale the interaction between 
Frequency, Condition, and Materials 
was not significant, F (3,84) — 2.53, 
p> .05. The means in Table 2 in- 
dicate that the increase in connotation 
tended to be greater for meaningless 
materials than words. This is further 
demonstrated by trend analyses which 
were carried out separately for four 
subgroups for each scale. The only 
analysis showing a statistically signifi- 
cant-effect of frequency was that of 
meaningless materials rated for G under 
the experimental condition, F (3,21) 
= 3.81, p < .05. The reliable linear 
trend was for the G of the meaningless 
materials to increase with amount of 
repetition, F (1,21) = 8.64, p < .01. 


EXPERIMENT II. 


The experimental design was iden- 
tical to the original except that one 
orthogonal variable, type of buffer 
context, was added and strong-weak 
ratings were obtained as a third scale. 
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Method 


Subjects.—There were 64 Ss from the 
same population as Exp. I. 

Materials—The standard items and the 
meaningless buffer items were the same as 
for Exp. L The meaningful buffer items 
were pleasant adjectives having mean rat- 
ings by the standardization group ranging 
from 7.0 to 9.0. They were equivalent to 
the adjectives used in Exp. I in all other 
specified respects. The two types of stand- 
ard items appeared in the context of the 
two types of buffer items. The four lists 
were presented in a random sequence, ABCD, 
and in another sequence, BADC. 

For the experimental treatment the stand- 
ard words were typed on 3X5 cards, one 
word on a card. The decks, one of Turkish 
words and one of adjectives, each contained 
90 cards in which five items were assigned 
to each frequency level—1, 2, 5, and 10 repe- 
titions. There were two different assign- 
ments of items to frequency level and each S 
received the items in a different random se- 
quence. Each deck had a blank cover card. 

Procedure.—The procedure was the same 
as in the first study except for the method of 
presenting the experimental treatment. The 
S was instructed to read the word on a card, 
pronounce it implicitly, and turn to the next 
card when the time signal occurred. The 
time signal was produced by a variable in- 
terval timer which emitted a bong every 3 
sec. For rating of the third scale, 9 was 
assigned to very, very strong items. 


TABLE 2 


MEAN RATINGS By TRIALS ON THE Goop-BaD SCALE OF MEANINGLESS AND 
MEANINGFUL MATERIALS AS A FUNCTION OF FREQUENCY AND 
EXPERIMENTAL CONDITION IN Exp. I 


Experimental Control 
Frequency 
1 2 5 10 1 2 5 10 

Meaningless Material 

Pretreatment 5.18 | 4.65 5.22 4.85 5.35 443 5.08 4.83 

Posttreatment 4.70 | 5.48 | 5.80 | 6.13 5.05 | 4.93 | 4.78 | 453 

Mean Difference —.48 .85 .58 127 | —.30 50 | —.30 | —.30 
Words 

Pretreatment 5.23: | 55:13. 510 | 5.13 5.78 | 4.78 | 523 5.35 

Posttreatment 5.33 4.75 5.03 4.95 5.43 5.43 4.93 5.18 

Mean Difference .10 | —.38 | —.08 | —18 | —.35 .33 | —.30 | —.18 
Overall Mean Difference | —.19 «2d, +25 99, | —.33 AL | —.30 24 


Note.—Slight discrepancies between pre- and posttreatment scores and the mean difference scores presented 


are due to rounding. 
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TABLE 3 


MEAN RATINGS BY TRIALS ON THE GOOD-BAD SCALE OF MEANINGLESS AND 
MEANINGFUL MATERIALS AS A FUNCTION OF FREQUENCY AND 
EXPERIMENTAL CONDITION IN Exp. II 


Experimental Control 
Frequency 
1 2 5 10 1 2 5 10 
Meaningless Materials 
Pretreatment 5.28 | 5.06 4.70 4.74 | 4.99 5.48 4.96 | 4.69 
Posttreatment 5.11 | 5.08 5.16 5.50 | 5.51 4.90 5.08 | 4.89 
Mean Difference —.16 .01 46 -16 53 —.58 hl 20 
Words 
Pretreatment 5.56 | 4.87 5.25 481 | 5.34 5.25 5:201]. 5: 1f 
Posttreatment 5.15 | 4.99 5.09 4.80 | 5.34 5.28 494 | 5.16 
Mean Difference — Al A3 | —.16 | —.01 .00. 03 | —.35 .05 
Overall Mean Difference| —.29 07 AS 38 26 —.27 | —.12 42 


Note.—Slight discrepancies between pre- and posttreatment scores and the mean difference scores presented 


are due to rounding. 


Results 


Separate analyses of variance for the 
three scales were performed on the 
difference scores (Trial 2 minus Trial 
1). 

The interaction between Frequency 
and Experimental Condition was only 
significant for the good-bad scale, F 
(3,168) = 3.54, p < .05. The overall 
mean differences in Table 3 indicate 
that the differences in G between pre- 
and posttreatment means increase with 
frequency for the experimental group 
but not for the control group. The 
Scheffé test indicates that differences 


TABLE 4 


EFFECTS OF EXPERIMENTAL CONDITION AND 
TYPE or BUFFER MATERIAL ON THE 
MEAN DIFFERENCE Scores PooLep 1 
FOR THE Two TYPES OF 
STANDARD Worps 


Good- | Active- | Strong- 


Bad Passive | Weak 
Meaningless Buffer 
Experimental -22 | —11 | —.13 
Control —42 | —.16 | —.18 
Meaningful Buffer 
Experimental —.07 | —04 | —.14 
Control Al -16 | —.30 


of at least .37 are statistically signifi- 
cant, p < .05. 

The main effect for Materials was 
only significant for the good-bad scale, 
F (1,56) = 4.65, p< .05. The G of 
the nonsense materials increased .17 
from the initial to the final rating 
whereas the G of the meaningful ma- 
terials decreased .09. For the strong- 
weak scale the means were in the 
same direction, showing a decrease in 
strength of .30 for words and only 
.07 for nonsense materials, 

Although the interaction between 
Frequency, Condition, and Materials 
was not significant, inspection of Table 
3 suggests that the increase in G with 
frequency occurred mainly for mean- 
ingless materials. Four separate trend 
analyses were carried out for each 
scale. The only analysis for which 
there was a significant trend was, as 
in the first experiment, the analysis 
of ratings for G of meaningless ma- 
terials in the experimental group. The 
effect of Frequency, F (3,42) = 3.84, 
p < .05, was characterized by a linear 
trend, F (1,42) = 11.24, p < .01. For 
the active-passive scale there was a sug- 
gestion of a quadratic trend, F (1,21) 
= 3.57, p < .10. 
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TABLE 5 


MEAN DIFFERENCE SCORES As A FUNCTION OF MATERIALS, CONDITION, AND SCALE 


Good-Bad Active-Passive Strong-Weak 

Exp. Control Exp. Control Exp. Control 
Meaningless Materials 27 .06 .09 —.27 42 —.26 
Words —42 —.07 —.24 l3 —.39 —.22 


For the good-bad scale the inter- 
action of Buffer and Condition was 
significant, F (1,56) = 476, p < .05. 
The means are shown in Table 4. The 
Scheffé test indicates that differences 
of at least .34 are significant at less 
than the .05 level. Thus, the differ- 
ence between the control and experi- 
mental treatments was statistically sig- 
nificant with the meaningless buffer 
(.34) but not with the meaningful 
buffer (.18). In the meaningless con- 
text the overall effect of the experi- 
mental treatment involved a significant 
increase in rated G, but in the mean- 
ingful context, the effect was in the 
opposite direction and not statistically 
significant. In order to consider the 
overall effects of frequency a multi- 
variate analysis of variance was per- 
formed on the difference scores for the 
three scales, excluding the repeated 
measure, Frequency. The interaction 
of Buffer x Condition was also sig- 
nificant in this analysis of variance, 
xX (1,56) = 7.81, p < 05. Neverthe- 
less, only for the good-bad scale were 
the mean differences between the con- 
trol and experimental groups larger in 
the context of meaningless materials 
than words. 

The interaction of Materials and 
Condition was only significant for the 
active-passive scale, F (1,56) = 7.38, 
p< 01, The Scheffé test indicates 
that mean differences equal to or 
greater than .38 are significant at the 
05 level. The means which appear in 


Table 5 indicate that repetition tended 
to increase rated A of the meaningless 
materials and significantly decreased 
the rated A of the words. This in- 
teraction of Materials x Condition 
showed a trend (p < .10) in the multi- 
variate analysis of variance. For all 
scales, relative to the control condi- 
tions, ratings of meaningless materials 
were increased under the experimental 
conditions, but the ratings of the words 
decreased. 


DISCUSSION 


The results obtained by Johnson et al. 
(1960) which showed that rated G of 
low-meaningful stimuli increases with 
frequency of pronunciation were repli- 
cated in the present experiments. For 
both experiments, G increased from the 
pretreatment to the posttreatment trial. 
However, the data of the two experiments 
suggest that this effect occurred mainly 
for meaningless materials. For this type 
of material rated G increased with amount 
of repetition in a linear fashion. The 
second experiment further indicates that 
this increase in connotation occurs when 
the items are rated in the context of 
neutral meaningless materials and not in 
the context of pleasant words. 

The increase in connotative pleasant- 
ness with repetition may be explained by 
the resulting familiarity which may in- 
volve a positive reaction (Postman, 1952). 
Another possibility is that increased pro- 
nunciability (PR) is the source of posi- 
tive affect. This implies that PR should 
affect the direction and rate of the effect 
of repetition on evaluation connotation. 
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A third possibility is that changes in G 
are related to the quantity and connotative 
quality of the associates aroused during 
repetition. If this were the case, it would 
be expected that connotative changes 
should be greater in a contrasting mean- 
ingful context than in a meaningless one. 
However, the meaningless context was 
found to promote greater generation. In 
general, greater effects of repetition on 
meaningless than meaningful materials is 
consistent with all three possibilities. 

The stimuli were initially chosen for 
homogeneity and neutrality of G and also 
were always rated first on that scale. 
Therefore, results for that scale are the 
most conclusive. 

Semantic satiation and consistent gen- 
eration may be on the same continuum in 
that ratings might increase in polariza- 
tion with increasing frequency of ex- 
posure, but beyond a certain point, polar- 
ization might decline. As would be ex- 
pected, the relatively low levels of fre- 
quency employed in the present study 
produced consistent generation as con- 
trasted with the higher levels employed in 
satiation experiments. The range within 
which frequency was manipulated in the 
present case may have been too low to 
reveal any reliable shift from consistent 
generation toward satiation. On the other 
hand, there are numerous procedural dif- 
ferences between satiation experiments 
and the present study and the two manipu- 
lated in these studies were found to have 
an effect on the occurrence of consist- 
ent generation. First, consistent genera- 
tion occurred to a greater extent for 
meaningless materials than for words al- 
though the interaction was not necessarily 
statistically significant, Second, the con- 
text played a role. 

The overall effect of the experimental 
treatment involved a significant increase 
in connotation, particularly evaluative 
connotation, when the buffer context con- 
sisted of neutral meaningless material, 
but when the context consisted of good 
words, the effect was in the opposite di- 
rection and not statistically reliable. This 
difference due to context may be due to 
connotative differences and considered as 
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a judgmental phenomenon. Using the 
framework of the adaptation-level theory 
(Helson, 1947), good buffer items can be 
considered as an extreme anchor which 
would shift the adaptation level toward 
the good extreme. Assuming that the re- 
peated items would tend to have a slightly 
greater G than the standard items for the 
reasons discussed earlier, they would tend 
to be judged better in contrast to the neu- 
tral adaptation level which is assumed to 
prevail with a neutral context, than in 
comparison with the relatively good adap- 
tation level in the case of the meaningful 
context. Verbal contrast similar to this 
has been found (Amster, 1964a). Un- 
der the control condition the standard 
items would presumably remain near the 
adaptation level in the case of the mean- 
ingless buffer and should show no shift. 
If discrimination is maximal around the 
AL, then the slight difference between 
the repeated words and the standard 
words would be observed. However, in 
the case of the good buffer, the neutral 
control standard items and the repeated 
items which are assumed to have slightly 
greater G would be distant from the good 
adaptation level and would theoretically 
be less likely to be discriminated. On 
this basis, both words and meaningless 
items in the context of good buffer items 
should and did show a relative shift in the 
negative direction, 

Another possibility is that high simi- 
larity between the buffer materials and 
the other items would produce inter- 
ference in discrimination among the re- 
peated and nonrepeated items. This in- 
terference should serve to minimize dis- 
crimination among items repeated varying 
numbers of times and might involve re- 
sponses which overshadow the relatively 
subtle changes in connotation due to repe- 
tition. On this basis, one would expect 
that the use of a meaningless context 
masked the true magnitude of the effects 
of repetition. Another but quite different 
factor which may have served to minimize 
the magnitude of the obtained results was 
that Ss were instructed to rate for G 
rather than pleasantness which seems 
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more appropriate to both types of ma- 
terials. 
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PHONEMIC SIMILARITY AND INTERFERENCE IN SHORT- 
TERM MEMORY FOR SINGLE LETTERS? 


WAYNE A. WICKELGREN 
Massachusetts Institute of Technology 


172 Ss copied a list of PI letters, then copied a single letter to be re- 
called later, then copied a list of RI letters, and then attempted recall 
of the single letter. The length (0, 4, 8, or 16 letters) and phonemic 
similarity (0, 25, 50, 75, or 100% similar letters) of the PI and RI 
lists were varied systematically. Both PI and RI were demonstrated 
in STM for single letters (p < .001). RI continued to increase with 
increasing length of RI list; PI did not increase appreciably beyond 4 
letters. Both PI and RI increased with increasing phonemic similarity 
of the PI and RI lists for low and medium degrees of similarity of the 
other interference list, RI or PI list, respectively (p —.001). The 
findings suggest a 2-factor theory of forgetting in STM, involving re- 
trieval interference and decay or storage interference. 


It is well established that the simi- 
larity of an interpolated list to the 
original list affects the amount of ret- 
roactive interference (RI) in "long- 
term memory" (LTM) studies of 
serial and  paired-associate learning 
(McGeoch and McDonald, 1931; Os- 
good, 1949, 1953). Attempts to dem- 
onstrate an analogous effect in short- 
term memory (STM) have apparently 
been unsuccessful (Broadbent, 1963). 
Thus, Broadbent (1963) has argued 
that, in STM, interference from activ- 
ity interpolated between presentation 
and recall is essentially independent of 
the nature of that activity so long as 
the activity prevents rehearsal for the 
same period of time. If true, this 
would be an important difference be- 
tween STM and LTM. On the con- 
trary, if interference in STM can be 
shown to depend upon the nature of 
the interfering activity in the same way 
as in LTM, then it will be plausible 

1This work was supported primarily by 
Grant MH 08890-01 from the National In- 
stitute of Mental Health, United States Pub- 
lic Health Service. Further aid was re- 
ceived from a National Aeronautics and 
Space Administration grant, NsG 496, to 
Hans-Lukas Teuber. 


to assume that STM and LTM are 
performed by the same system operat- 
ing in a quantitatively different man- 
ner under different degrees of learning 
(or, less parsimoniously, different sys- 
tems operating on the same principles). 
The similarity of two lists can be 
varied in many different ways, and 
failure to obtain a relationship between 
similarity and RI may only mean that 
one has chosen dimensions of simi- 
larity that are inappropriate for the 
task. A study by Conrad (1964) of 
the types of intrusion errors occurring 
in immediate recall of a list of six let- 
ters suggested that the important di- 
mensions of similarity in STM may 
be auditory dimensions, not dimen- 
sions of meaningful similarity. Conrad 
found that intrusion errors tend to 
have a vowel phoneme in common 
with the correct letter, even though 
the letters were presented visually at 
the rate of .75 sec/letter under condi- 
tions where the probability of percep- 
tual error was known to be negligible. 
This finding has since been replicated 
for a wide variety of consonant and 
vowel similarities among both letters 
and numbers (Wickelgren, 1965a). 
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Studies of LTM have repeatedly 
demonstrated that forgetting of a list 
is more rapid when this list is preceded 
by other lists than when it is the first 
list to be learned. Murdock (1961) 
has demonstrated this proactive inter- 
ference (PI) in STM in a completely 
definitive manner. Murdock presented 
0, 3, 6, 9, or 12 prior words that 
did not not have to be remembered, 
followed by a single word to be re- 
called later, followed by backward 
counting. Recall of the single word 
declined from 0 to 3 prior words 
and remained approximately constant 
thereafter, Since Ss were tested on 
60 trials a day for 4 days, it is clear 
that this is short-term PI, in the sense 
that it can be built up on any trial of 
a long experiment, Short-term PI 
does not reach a maximum on the 
second or third trial of an experiment 
and remain constant thereafter, which 
suggests that Keppel and Underwood 
(1962) were studying a different kind 
of PI than Murdock (1961). 

The present study was designed to 
replicate Murdock’s demonstration of 
short-term PI and study: (a) the ef- 
fect on STM of the length of the PI 
and RI lists, and (b) the effect on 
STM of the phonemic similarity of 
the PI and RI lists to the item to be 
recalled, 


METHOD 


Procedure.—The Ss listened to and copied 
a list of PI letters presented at the rate of 
.5 sec/letter, followed by a 1-sec. pause and 
a .5-sec. tone, followed by a single letter to 
be recalled later which was also to be copied 
as it was presented, followed by a .25-sec. 
tone, followed by a list of RI letters which 
were to be copied as presented, followed by 
14 sec. in which 5s were to attempt recall of 
the single letter. The Ss covered what they 
had copied, so this was not available at the 
time of recall. 

Design—Two “types” of spoken letters 
were used in the experiment: letters whose 
pronunciation contains the vowel sound “è” 
(B, C, D, E, G, P, T, V, Z) and letters 
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whose pronunciation contains the vowel 
sound “č” (F, L, M, N, S, X). Conrad 
(1964) has shown that confusions in audi- 
tory perception are much more common 
within these classes than across them, when 
allowances are made for differences between 
British and American pronunciation, The 
pronunciation of these two types of spoken 
letters can be indicated as follows: (bee, see, 
dee, ee, jee, pee, tee, vee, zee) and (eff, ell, 
emm, enn, ess, eks), The spoken names of 
these letters are morphemes composed of a 
syllable nucleus (vowel) and zero, one, or 
two consonant phonemes, In a standard lin- 
guistic notation these two sets of letter names 
would be written as follows: (biy, siy, diy, 
iy, jiy, piy, tiy, viy, ziy) and (ef, el, em, en, 
es, eks). All the letter names in the first 
set contain the syllable nucleus /iy/; all the 
letter names in the second set contain the 
syllable nucleus /e/. It makes no difference 
to the present study whether /iy/ is consid- 
ered to be two phonemes or one, For sim- 
plicity we shall speak of "phonemic simi- 
larity" and refer to the two types of letters 
as letters containing the phoneme “ë” (*"&" 
letters) and letters containing the phoneme 
^£". (“8" letters). 

Tt is important to note that phonemic simi- 
larity (or syllable-nucleus similarity) is on 
a different linguistic level from distinctive 
feature similarity. The fact that some pairs 
of consonants are more similar in terms of 
distinctive features than other pairs of con- 
sonants simply adds unavoidable variance to 
the present study. Fortunately, this variance 
should be small in relation to the effect of 
phonemic similarity since possession of a 
common phoneme implies possession in com- 
mon of the entire set of features composing 
the phoneme. 

Thus, the letter to be recalled could be 
either an “ë” letter or an “č” letter, The 
length of the PI list and the length of the 
RI list were varied, the different levels for 
each being 0, 4, 8, and 16 letters, The pho- 
nemic similarity of the PI list and the pho- 
nemic similarity of the RI list to the letter 
to be recalled were also varied, the different 
levels for each being 0, 25, 50, 75, and 100% 
of the letters being "similar" letters, the rest 
"different" letters. A similar letter is a let- 
ter having a phoneme in common with the 
letter to be recalled; in this case either "E" 
or "É" For example, if the letter to be re- 
called was “D,” the length of PI list was 4, 
the similarity of the PI list was 75%, the 
length of the RI list was 8, and the simi- 
larity of the RI list was 50%, the following 
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would have been an acceptable sequence: 
GPXT D FXGPBSEM. 

There were three further restrictions on 
the construction of sequences: (a) the letter 
to be recalled never appeared in the PI or 
RI lists for that trial, (b) the same letter 
was never repeated as the letter to be re- 
called in any sequence of three trials, (c) 
the same letter was never repeated in any 
block of four letters in the PI and RI lists. 

There were six groups in the experiment. 
In one group the number of RI letters was 
held constant at 8 and the similarity of the 
RI letters was held constant at 0% for all 
trials. Call this group RI8—096. For this 
group the number of PI letters was varied 
over four levels (0, 4, 8, and 16 letters), 
and the similarity of the PI was varied over 
five levels (0, 25, 50, 75, and 100%) for 
trials in which the length of the PI list was 
4, 8, or 16. This yields 5X3+1=16 con- 
ditions for each type of presented letter (é 
or č), or 32 conditions altogether. The or- 
der of presenting the conditions was ran- 
domized in blocks of 32 trials, and there were 
four blocks in the experiment, for a total of 
128 trials. The other five groups in the ex- 
periment also had either the RI or the PI 
held constant at length 8 and similarity 0, 
50, or 100%. If the RI was controlled, the 
PI was varied in the above manner, and 
vice versa. The six groups were: RI8—0%, 
RIS—50%, RIS—100%, PI8—0%, PI8—50%, 
and PI8—100%. Everything was identical 
for the six groups, except the controlled in- 
terference list. This means the same random 
order of conditions, the same letter to be 
recalled on the corresponding trials, and the 
same variable interference list in the corre- 
sponding trials across groups. 

It is desirable to eliminate differences in 
the frequency of repeating items in PI or 
RI lists of the same length, but different 
similarity. In this experiment the variable 
interference lists (whether PI or RI in that 
group) were always constructed so that 
within any block of 32 trials the repe- 
tition structure was identical for all lists 
of the same length but different similarity. 
For example, the repetition structure of 
XFNSLXNM is identical to the repetition 
structure of BTZCPBZG. 

Subjects—The Ss were 172 Massachusetts 
Institute of Technology undergraduates tak- 
ing psychology courses, who participated in 
the experiment as a part of their course re- 
quirements. The number of Ss in each group 
was approximately equal, varying from 23 
to 33. 
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RESULTS 


Only letters to be recalled that were 
correctly copied at the time of presen- 
tation were scored for correct recall, 
to eliminate perceptual errors. Figure 
1 shows the frequency of correct re- 
call in every condition in all six groups 
plotted as a function of the percentage 
of similar letters in the interference 
list that was varied within the group. 
Length of the variable interference list 
is a parameter within each of the six 
boxes. The six boxes correspond to 
the six groups of Ss, and the similarity 
of the controlled interference list is 
indicated in each box. The length of 
the controlled interference list was al- 
ways eight letters. Every point repre- 
sents the average of the corresponding 
conditions for “é” and “ë” letters to 
be recalled, Frequency of correct re- 
call was 81.2% for “é” letters and 
75.1% for "e" letters. 

Figure 2 shows the same data as 
Fig. 1, but here the “independent vari- 
able" is the similarity of the controlled 
interference list. Thus, the compari- 
sons in each box are across groups 
of Ss. The parameter in each box 
is again the length of the “variable” 
interference list, but here the similarity 
of the “variable” interference list is 
not the “independent variable.” The 
symbols, RO, R4, R8, R16, PO, P4, 
P8, P16, are used to represent RI and 
PI lists of length 0, 4, 8, and 16, 
respectively. 

The comparisons in Fig. 2 are sub- 
ject to variance due to individual dif- 
ferences, but with the size of the 
groups in the present study this is of 
litle concern. The comparisons in 
Fig. 2 have a compensating advantage 
over the comparisons in Fig. 1, namely, 
that there is no variance due to ran- 
dom differences in the letter to be re- 
called and the other interference list. 

In almost all cases a straight line 
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Fic, 1. Frequency of correct recall of the 
single letter as a function of the length and 
phonemic similarity of the variable interfer- 
ence list in each group of Ss. (Comparisons 
in each box are across different conditions 
for the same Ss.) 


fits the points well enough to be a 
convenient description of the data, but 
determination of the exact form of the 
functions is beyond the scope of the 
study. The lines were fitted by eye 
and are only meant to indicate whether 
the trend is up, down, or straight 
across. When there is a separation of 
the points for different lengths, three 
separate best-fitting lines are drawn. 
When there is no consistent separa- 
tion of the points for different lengths, 
only one best-fitting straight line is 
drawn. 

Length of the RI list. Figures 1 
and 2 demonstrate that RI continues 
to increase with increases in the length 
of the RI list from 0 to 4 to 8 to 16, 
under all conditions of similarity of 
the PI and RI lists. This finding is 
in complete agreement with earlier 
findings of Peterson and Peterson 


(1959), Murdock (1961), and Hellyer 
(1962). Since there are no reversals 
in this relationship in any comparison 
in Fig. 1 and 2, the difference is sta- 
tistically significant even by a sign test, 
p< .001. 

Length of the PI list-—Figure 1 
demonstrates that four PI letters pro- 
duce a substantial amount of PI com- 
pared to zero PI letters (p < .001 for 
each box using a sign test with N 
equal to the number of individuals in 
the group). However, the differences 
between 4, 8, and 16 PI letters are 
significant only in the condition of 
0% similar RI and then only for the 
higher degrees of similarity of the PI 
list. Three-way analyses of variance 
(Length x Similarity X Ss) for the 
RI8-0% group yielded a significant 
effect of PI length, F (2,52) = 5.33, 
p<.01. The interaction between PI 
length and PI similarity was also sig- 
nificant, F (8,208) — 675, p < .001. 
Thus, PI in STM appears to “build 
up rapidly" from 0 to 4 letters, Fur- 
ther increases in PI with increases in 
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Fic. 2. Frequency of correct recall of the 
single letter as a function of the phonemic 
similarity of the controlled interference list. 
(Length of the variable interference list is 
the parameter in each box. Comparisons in 
each box are across groups of Ss for the 
same letters to be recalled.) 
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length of the PI list from 4 to 8 to 
16 items are small on the average and 
closely linked to the conditions of RI 
and PI list similarity. The rapid build- 
up of PI from 0 to 4 items is in com- 
plete agreement with the findings of 
Murdock (1961). 

Phonemic similarity of the RI list— 
Figures 1 and 2 show that greater RI 
is obtained with greater similarity of 
the RI list under conditions of 0, 25, 
and 50% similarity of the PI list. 
Under conditions of 75% and 100% 
similarity of the PI list, there is no 
consistent effect of RI similarity on 
recall, A sign test of the slopes of 
the best-fitting lines in Fig. 1 and 2 
is significant at the .001 level in the 
direction of greater RI with greater 
phonemic similarity of the RI list. In 
addition, three-way analyses of vari- 
ance on the PI8-0% and PI8-50% 
groups showed that the effect of 
RI similarity was significant at well 
beyond the .001 level in each case, 
F (4,116) = 1922 and F (4,88) = 
32.94. The consistency of the rela- 
tionship between RI similarity and 
recall in Fig, 1 and 2 is particularly 
convincing. Even the interaction with 
PI similarity is found in both figures. 
It should be noted that the relation- 
ships between RI similarity and recall 
in Fig. 2 are based on data from en- 
tirely different groups than the groups 
used to determine the same relation- 
ship in Fig. 1. Thus, while Fig. 1 
and 2, as a whole, present exactly the 
same data, the substantively similar 
halves of each figure are statistically 
independent tests of the same hy- 
pothesis. 

Phonemic similarity of the PI list— 
Figures 1 and 2 show that PI also 
increases with increasing phonemic 
similarity of the PI list, on the aver- 
age. An overall sign test on the slopes 
of the best-fitting lines is again signifi- 
cant, p < .001. Again there is an ob- 
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vious weakening of this relationship 
with increasing similarity of the RI 
list. For example, three-way analyses 
of variance on the RI8-0% group 
showed a very significant effect of 
PI similarity, F (4,104) = 19.57, p< 
001, but there was no significant ef- 
fect in the RI8-50% and RI8-100% 
groups in Fig. 1. The comparisons in 
Fig. 2 which may contain less variance 
than those in Fig. 1, show a consistent 
effect of PI similarity under conditions 
of 0, 25, and 50% RI similarity and 
small, more variable, effects in the 
same direction under conditions of 75 
and 100% similarity. 


Phonemic similarity of intrusions.— — 
Averaging over all groups and con- - 


ditions in the experiment, the pres- 
ent experiment replicates the finding 
of Conrad (1964) and Wickelgren 
(1965a) that intrusions tend to share 
a phoneme with the correct letter. In 
this case, “é” letters are more likely 
to be substituted for “ē” letters and 
*&" letters for “č” letters than "e" 


letters for “č” letters and “ë” letters 
for “g” letters. Figure 3 presents the 


relative frequency of similar intrusions — 


(similar intrusions/total intrusions. 
for every condition in the experiment. 


The length of the RI or PI list has - 


no effect on the relative frequency of 
similar vs. different intrusions. The 


similarity of the RI list appears to have a 


either no effect on the frequency of 
similar intrusions or a curvilinear ei- 
fect. The similarity of the PI list, 
however, has a pronounced and con- 
sistent effect on the phonemic simi- 
larity of the intrusions, in the obvious 
direction, namely, greater frequency 
of similar intrusions with greater simi- 
larity of the PI list. The most plausi- 
ble explanation of this difference be- 
tween RI and PI is that the last few 
letters in the RI list are remembered 
as being in the RI list and are, there- 
fore, excluded from consideration 1 
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recall. This would tend to counteract 
the relation between interference list 
similarity and relative frequency of 
similar intrusions, producing no rela- 
tion, the opposite relation, or perhaps 
a curvilinear relation for RI lists. 


DISCUSSION 


The present findings clearly demon- 
strate; (a) that both PI and RI exist in 
STM, (b) that RI continues to increase 
with increasing length of the RI list, (c) 
that PI does not increase appreciably 
with increases in the length of the PI 
list beyond four letters, and (d) that 
both PI and RI increase with increasing 
phonemic similarity of the PI and RI 
lists for low degrees of similarity of the 
other interference list, RI or PI list, 
respectively. These interference effects 
in STM are completely compatible with 
what is known about interference effects 
in LTM. 

The difference in the relation between 
length of interference list and amount of 
interference for PI and RI lists suggests 
that forgetting in STM involves two fac- 
tors: decay (or storage interference) and 
associative interference. RI results from 
both decay and associative interference ; 
PI results only from associative interfer- 
ence. Decay refers to a decrease with 
time in the strength of association be- 
tween the internal representative of the 
cue (whatever the cue is) and the inter- 
nal representative of the correct letter. 
Associative interference refers to the loss 
of information that occurs when remote 
(competing) associations are established 
between the cue representative (cue rep) 
and representatives of nearby letters in 
the PI and RI lists. 

Tt is reasonable to assume that the cor- 
rect letter is recalled when the associ- 
ation from the cue rep to the correct letter 
rep has a strength above some absolute 
threshold and is stronger than the associ- 
ation from the cue rep to any competing 
letter rep. Strength of association may be 
presumed to be a random variable. 
"Therefore, the more PI or RI items, the 
greater the probability that one of the in- 
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pendent variable, the plot is identical to 
Fig. 1.) 


terfering item reps will have the greatest 
strength of association to the cue rep and 
therefore be (incorrectly ) recalled. Also, 
the more RI items, the greater time the 
correct association has had to decay. 
The two-factor theory obviously ex- 
plains why an RI item produces greater 
interference than a PI item. It also ex- 
plains why PI increases only from 0 to 
4 letters while RI is still increasing from 
8 to 16 letters in this study and from 54 
to 81 digits in Hellyer's (1962) study. 
Pure interference theory can explain 
these asymmetries between PI and RI 
by simply substituting storage interfer- 
ence for decay. So far we have been 
careful to limit discussion to associative 
interference, which has its interfering ef- 
fect by establishing competing associa- 
tions, not by reducing the strength of 
the correct association. Thus, we have 
been discussing a type of retrieval inter- 
ference, not storage interference. Re- 
trieval interference is necessary in order 
to explain PI, and there is much direct 
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evidence for it in the findings concerning 
remote associates in serial learning (e.g., 
Lepley, 1934; McGeoch, 1936; Wilson, 
1943). Thus, in any event one probably 
needs a two-factor theory of forgetting 
in STM. Whether the two factors are 
associative interference and decay or as- 
sociative interference and storage inter- 
ference makes very little difference, since 
at present there is no testable difference 
between decay and storage interference. 
The phonemic similarity findings sug- 
gest a phonemic-associative theory of 
STM, The theory makes four assump- 
tions: (a) The internal representative of 
a verbal item is an ordered set of the 
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Fic. 4. Diagram of an associative and a nonassociative theory of STM. (Intraitem and 
direct associations are indicated by solid lines, remote associations by dashed lines.) 
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internal representatives of the phonemes 
of the item. (b) There is only one in- 
ternal representative of any phoneme, 
(c) Short-term associations are formed 
between two internal representatives 
when the internal representatives are ac- 
tivated in close temporal contiguity. (d) 
Short-term associations decay in time, 
The fourth assumption has already been 
discussed. If one is to explain the pho- 
nemic similarity of intrusions in STM, 
there appears to be no obvious alterna- 
tive to the first assumption that verbal 
items are coded as sequences of phonemes, 
Of course, phonemes may be coded as © 
sets of “distinctive features” (Jacobson, 
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Fant, & Halle, 1952; Miller & Nicely, 
1955), but that is merely a finer level of 
analysis, not a formulation contradictory 
to the phonemic coding hypothesis. 

The second and third assumptions that 
STM is associative and that the internal 
representative of a phoneme is unique are 
suggested by the greater RI and PI pro- 
duced by phonemically similar letters than 
by phonemically different letters in the 
present experiment. If we assume that 
the cue rep is directly associated to the 
internal representatives of both the vowel 
and consonant phonemes in the correct 
letter, which are associated to each other 
(intraitem association), then phonemi- 
cally similar interference letters will pro- 
duce intraitem associations that compete 
with the correct intraitem association. 
Phonemically different interference items 
will produce intraitem associations that 
do not compete with the correct intraitem 
association. Remote associations be- 
tween the cue rep and the phoneme reps 
in PI and RI letters should be equally 
strong for all consonant phonemes regard- 
less of phonemic similarity, but stronger 
for the same vowel as in the letter to be 
recalled than for the different vowel. 
Considering both remote associations and 
intraitem associations it is clear that 
phonemically similar interference items 
should have stronger associations to the 
cue rep than phonemically different items 
and thus produce greater interference. 
Figure 4 illustrates why phonemically 
similar letters produce greater retrieval 
interference in an associative memory. 

The uniqueness assumption and the as- 
sociative memory assumption were dis- 
cussed together because a nonassociative 
memory assumption requires that it be 
possible to have multiple internal repre- 
sentatives of the same item or phoneme 
(as illustrated in Fig. 4). Nonassoci- 
ative theories of STM are those in which 
an ordered set of cells (boxes, locations, 
registers, etc.) are set aside as temporary 
(buffer) storage, and any item can be 
encoded into any cell. Ordered recall is 
possible because a list of items is gener- 
ally or always stored in the cells in a 
fixed order and generally or always re- 
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trieved from the cells in the same order. 
Associative and nonassociative memory 
assumptions make different predictions 
about lists with repeated items, the find- 
ings being consistent with the associative 
memory assumption for STM (Wickel- 
gren, 1965b). The most compelling find- 
ing is that items following separated re- 
peated items tend to be confused with 
each other in recall, far above chance. 

Notice that a nonassociative theory 
does not assert that there is no connec- 
tion (association) between the cue rep 
and the representatives of the correct 
and incorrect items. Recall is far above 
chance so there has to be a functional 
connection between them. The question 
is whether the functional connections are 
established by strengthening associations 
between fixed internal representatives 
(associative theory) or by coding items 
into memory cells with fixed relations to 
each other, like the successive positions 
on a magnetic tape. 

The present findings regarding pho- 
nemic similarity and interference are 
very difficult to explain with a nonassoci- 
ative theory. If PI and RI letters can be 
processed in cells completely separate 
from the cell(s) used to store a single 
letter, then one should expect no effect 
due to the phonemic similarity of the 
letters stored in those cells. On the other 
hand, an associative theory provides a 
ready explanation of the phonemic 
similarity effects in STM. 
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COMPENSATORY HUE SHIFT IN SIMULTANEOUS COLOR 
CONTRAST AS A FUNCTION OF SEPARATION 
BETWEEN INDUCING AND TEST FIELDS* 


TADASU OYAMA? 
Chiba University 


AND 


YUN HSIA® 


Columbia University 


Each of 2 color-normal Ss was instructed to adjust a monochromator 


illuminating a foveally fixated 4° 
blue, green, and 
a red setting was obtained only in 
of increasing wavelength. 
absence of a 30° circular surround 
four colors. 


contrast-induced tinge occurred almost always in the 
this trend was observed under varying conditions of 


inducing color ; 


separation between the inducing and test fields, 


Changes in hue and saturation oc- 
curring in a stimulus field in the simul- 
taneous presence of another stimulus 
field of different wavelength distribu- 
tion have long been known under the 
name of simultaneous color or chro- 
matic contrast. Some quantitative 
studies on this problem have been done 
by recent investigators, including Hel- 
son and Michel (1948) and Kinney 


1 The present study was performed during 
the stay of one of the authors (TO) at Co- 
lumbia University as a Smith-Mundt Re- 
search Scholar, 1963-64 under a Fulbright 
travel grant. 

This document is TECHNICAL REPORT 
No. 37, Spring, 1966, of CONTRACT Nonr 
266(46), between Columbia University and 
the Office of Naval Research. The work is 
part of the program of PROJECT NR 142- 
404. Reproduction in whole or in part is 
allowed for any purpose of the United States 
government. Support has also been provided 
by the Institutional Scientific Research Pool 
of Columbia University. 

2 Reported by Oyama at the twenty-eighth 
convention of the Japanese Psychological As- 
sociation, October 5-9, 1964. 

3 We express appreciation to Clarence H. 
Graham for his help and advice. Thanks are 
also due Robert Shlaer for aid in certain as- 
pects of the work. 


circular test field to give a “best” 


yellow in ascending and descending determinations ; 


an ascending sequence, i.e., in order 


Settings were made in the presence and 


(inducing field) of each of the same 


A compensatory shift in wavelength setting for the 


direction of the 


ranging from 0° to 8°. 
Over this entire range of separation, another trend was observed that 


the amount of shift decreased 


as the separation increased. 


(1962), who observed the tinge of an 
originally neutral test field by the can- 
celing and matching methods, respec- 
tively, and MacAdam (1950) and 
Jameson and Hurvich (1961), who 
studied the changes in chromaticity or 
chromatic response values of the clearly 
colored test field by the matching 
method. More recently, Akita, Gra- 
ham, and Hsia (1964), and Graham 
and Akita (1964) measured compensa- 
tory shifts in wavelength settings of the 
spectral test colors required to main- 
tain specified hues in the presence of 
differently colored surroundings. 

One of the classical laws on bright- 
ness and color contrasts summarized by 
Titchener (1915) states that the nearer 
together the inducing and test fields, 
the greater is the contrast effect. Fry 
and Alpern (1953) and Leibowitz, 
Mote, and Thurlow (1953) confirmed 
this law in their studies on brightness 
contrast, and the results of Jameson 
and Hurvich’s (1961) study on color 
contrast were also in line with this law. 

In the present study, an attempt was 
made to investigate the effect of sepa- 
ration on such compensatory shifts 
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against color contrast as described by 
Akita, Graham, and Hsia (1964) and 
Graham and Akita (1964). Some of 
their findings were reexamined in the 
course of the present investigation. 


METHOD 


Apparatus.—The apparatus was a modifi- 
cation and partial adoption of Shlaer’s (1937) 
acuity apparatus. It was, in general, the 
same arrangement as that used by Akita, 
Graham, and Hsia (1964) and Graham and 
Akita (1964). (See Fig. 1A.) 

A monocular eyepiece with an artificial 
pupil, E (2.5 mm. in diameter), projects 
into a dark cubicle. A concave spherical 
mirror, M, with a central aperture is situ- 
ated 12 in. from the artificial pupil. The 
test field, T, subtending 4° is seen in the 
aperture of the mirror. A surround, or in- 
ducing field, I, subtending 30° is provided by 
the mirror and seen through the circular 
hole of a diaphragm, H, placed 1.25 in. from 
the artificial pupil. The test field is filled by 
the condensing lens, Li, with the light from 
a Bausch and Lomb grating monochromator, 
Sı. The band width of the test light is set 
at 7 mu. The inducing field (concave mir- 
ror) is filled by a tungsten light source, Sa 
(color temperature, 2850* K), placed to the 
right of the cubicle. The two optical systems 
come to a focus at the artificial pupil, E, 
providing a Maxwellian view. Both light 
sources are run on 60-cycle, 120-v. ac, indi- 
vidually metered and adjusted to maintain 
constant current. 

A circular neutral wedge (Barr and 
Stroud), W, and a blocking filter (Corn- 
ing), FE, are placed in the monochromator 
beam. Flicker photometry was used to de- 
termine suitable wedge densities for each S 
in order to keep a constant luminance of 4 
mL. throughout the visual spectrum. Mono- 
chromator settings from 450 to 700 mu in 
steps of 5 mu were used and individual 
calibration charts were made up. To re- 
duce polychromatic impurities, three block- 
ing filters with overlapping ranges were 
used, covering the blue, green-yellow, and 
red test ranges, respectively.* 


*Since the inducing beam was introduced 
from the front of the concave mirror, M, a 
portion of it was reflected by the glass, R, 
and another portion passed through the cen- 
ter hole of this mirror and was partially re- 
flected by the field lens, Li. These stray 
lights could perhaps contaminate the test 
color. On this ground it could be argued, 
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The inducing light source, Ss, is controlled 
by a collimating lens, La; a variable density 
filter of crossed polarizing material, P; an 
interference filter, Fs; and a piece of diffu- 
sion glass, G. The light was focused by an- 
other lense, Ls, on a right angle prism, Pr, 
at the right of the artificial pupil, which 
projected diverging light onto the mirror, M. 
The wavelengths of maximal transmittance 
of four interference filters (Jena Schott) 
used were 461 mu (Blue), 530 mu (Green), 
580 mu (Yellow), and 655 ma (Red) as 
measured with a Beckman spectrophotome- 
ter. These filters provided high spectral 
purity. The transmittance of these filters 
was down to 50% of the maximum within 
10 my and to the level of 1% transmittance 
within 20 mp of the peak. The colors ob- 
tained by these filters were practically in- 
discriminable from corresponding spectral 
colors. The luminance of the inducing field 
was maintained at 8 mL. (twice the test 
field), for the four inducing colors.9 It was 


eg. that a red test color became bluish 
simply because of stray lights from a blue 
inducing beam. To examine the extent of 
the effect of such stray lights on the pres- 
ent experiment, a supplemental experiment 
was performed, in which the inducing field 
was blocked by a black screen mounted on 
glass and placed in front of the mirror, M, 
in such a way as to leave only an opening 
for the central test field. The differences in 
wavelength settings between conditions with 
the source, S;, turned on and off were meas- 
ured for all 16 combinations of the inducing 
and test colors. The amounts of the differ- 
ences were generally very small and the di- 
rections of differences were inconsistent be- 
tween the two Ss, with each other, and in 
the same S, with the corresponding wave- 
length shifts obtained in the main experi- 
ment. Consequently, any effect due to stray 
light was considered negligible in the pres- 
ent study. 

5The wavelengths of matched spectral 
lights to the inducing colors were 463, 529, 
579, and 653 mu for YH; and 466, 531, 581, 
and 646 my for TO. 

®On the basis of Graham and Akita's 
(1964) conclusions that the luminance ratio 
of the inducing to the test field has little in- 
fluence on the contrast hue effect, the lumi- 
nance ratio in the present study was chosen 
arbitrarily. Equality in luminance in both 
fields was avoided. A ratio 2:1 in inducing 
field-test field luminances was accepted as 
providing a condition in which slight but 
unavoidable variation of test field luminance 
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Fic. 1. Schematic presentation of apparatus (A), and stimulus field (B). (C: white card, 
E: artificial pupil, Fi: blocking filter, Fs: interference filter, G: ground glass, H: hole of 
diaphragm, I: inducing field, Lı & Ls: condensing lenses, Le: collimating lens, M: concave 
mirror, P: a pair of polaroids, Pr: right angle prism, R: black ring, Sı: monochromator, 
Sa: tungsten light source, Ss: daylight lamp, T : test field, W: neutral wedge.) 


individually calibrated by having each S (a) 
match the hue of the test field to the induc- 
ing field, (b) adjust the test field to 8 mL. 
by flicker photometry, and (c) match the 
luminance of the inducing field to the test 
field by adjusting the variable filter, P.7 
Six conditions of separation, d, between 
the inducing and test fields (I and T in Fig. 
1B) were used: 0° (no separation), 0.5°, 
1°, 2°, 4°, and 8° of visual angle. Black 
paper rings with their inner diameter sub- 
tending 4° and with appropriately various 
outer diameters were mounted on glass so 
that they could be interchangeably placed at 
R, in front of the mirror M, their centers 
being aligned with the test field. Blank glass 
was used for the condition of zero separation. 
Since the artificial pupil, E, and the prism, 
Pr, were not on the same axis, the edge 
of the separation rings appeared somewhat 


during S’s adjustment appeared to be rela- 
tively unnoticeable and to make S’s task 
easier than it would be under the condition 
of equality of luminances. 

7In the case of the yellow inducing field, 
a neutral filter was inserted in front of the 
source Ss, to reduce the luminance to the 
standard level. 


elliptical, the inner one with a vertical major 
axis and the other one with a horizontal 
major axis. Separation at the top and bot- 
tom was unaffected, while the worst distor- 
tion (on the left side) increased separation 
by 24’ of visual angle. The outer diameter 
of inducing field was constantly 30° regard- 
less of the condition of separation. 

To keep the S’s light adaptation constant 
during rest periods, a large white card, C, 
was provided inside the cubicle; it gave a 
luminance of 8 mL. when lighted by a 
Macbeth daylight lamp, Ss, providing Illumi- 
nant C. 

Procedure.—Using a chin rest, S was in- 
structed to observe the test field and ad- 
just the monochromator to the best "blue," 
"green," "yellow," or "red" During each 
experimental session, two ascending and two 
descending settings were made for the blue, 
green, and yellow test colors, while four 
ascending settings to the “first good red” 
were made for the red (since red is re- 
portable from about 620 mu to the extreme 
of the visual spectrum). 

After each wavelength setting, the neutral 
wedge, W, was adjusted to a value previ- 
ously determined by flicker photometry for 
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that setting at constant luminance of 4 mL. 
Before the first setting for each condition, a 
wedge value was used corresponding to S’s 
previous setting for the same test color in 
the absence of the inducing field. 

Throughout each experimental session, 
lasting approximately 70 min., only one of 
the four test color names (“blue,” “green,” 
“yellow,” and "red") was given to S as his 
setting task. All six of the separation con- 
ditions were given in random order for each 
of two inducing colors. At the beginning of 
each half session with an inducing color, and 
at the end of the session, wavelength settings 
without inducing field were made for the 
given color name.* 

One-minute rest periods were given before 
a session and between conditions, with a 3- 
min. rest period in the middle of the session. 
The illuminated white card C was used dur- 
ing rests to maintain light adaptation. 

All combinations of inducing and test 
colors, and separations were completed in 
eight sessions. Three rounds of eight ses- 
sions were run, with the order of combina- 
tions randomly determined.® 

Subjects.—The two present authors served 
as Ss. Results on the Ishihara Test, the 
Farnsworth-Munsell Test, and the Hecht- 
Shlaer anomaloscope showed that they were 
normal as to color vision. One S (YH) has 
presbyopic eyes (his right eye used for the 
observation has 20/25 Snellen acuity) and 
the other S (TO) has myopic eyes (20/100). 
Both Ss observed stimuli without refractive 
correction; they had no trouble obtaining a 
clear image of the field. 


RESULTS 


The means of the wavelength set- 
tings in the absence of the inducing 
field (Ao) determined at the beginnings 
of the first and second halves of a ses- 
sion were used as references for the 


| 8 The wavelength settings without induc- 
ing field at the end of the session were not 
performed in the first eight sessions. 

, * When the means of the wavelength set- 
tings without the inducing field at the be- 
ginning and the middle, or the middle and 
the end of a session differed more than 10 mu 
from each other, the data obtained in the 
whole session (in the first round of experi- 
ments), or the affected half of the session 
(in the second and third rounds of experi- 
ments) were discarded. For this reason, two 
complete sessions and three halves of sessions 
were repeated for each S. 
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data obtained with inducing fields in 
the respective halves of the session. 
For each condition of inducing color 
and separation, the shift of the mean 
wavelength setting (Ar) from the ref- 
erence value (Ao) was obtained, and 
considered as a compensation for the 
contrast tinge due to the effect of the 
inducing field on the test field. 

The total of 12 reference values was 
obtained for each test color, for each S. 
The averages and variabilities (SDs) 
of these values for the four test colors 
were as follows: blue = 474.9 + 4.1 
mp, green = 527.0 + 9.0 mp, yellow = 
5742 --2. mp, and red = 644.7 + 
4.0 mp for S YH; and blue = 476.7 + 
3.3 mp, green = 5042 + 2.7 mp, yel- 
low = 576.1 + 4.4 mp, and red = 647.3 
+ 7.1 mp for S TO. The average ref- 
erence values, which may be influenced 
by individual criteria in hue judgment, 
were quite similar to each other and to 
those obtained in Akita, Graham, and 
Hsia (1964) and Graham and Akita 
(1964), except in the case of green, 
for which YH chose a slightly longer 
wavelength and TO, a slightly shorter 
wavelength than the average values in 
the above-mentioned studies. 

Figures 2 and 3 present the results 
of YH and TO, respectively, averaged 
over all three experimental rounds. 
For each combination of test and in- 
ducing colors, the mean reference value 
(Ao) of the three half sessions in whi 
that combination was used is shown by 
a solid vertical line, while the mean 
settings (A) for various conditions of 
separation are shown as the tips of ar- 
rows. The arrow indicates the direc- 
tion of compensatory shift, and its 
length, the mean magnitude of the 
shift (A-Ao). It will be observed that 
almost all arrows point in the direction 
of the wavelengths of the inducing 
fields (A;), represented by dashed verti- 
cal lines. 


Two statistical analyses were used to | 


HUE SHIFT IN COLOR CONTRAST 409 


test the hypothesis that compensatory 
shift occurs in the direction of the spec- 
tral position of inducing color. First, 
for each condition of separation the 
number of positive cases out of a total 
of 16 mean shifts (4 test colors X 4 
inducing colors) were counted. Table 
1 shows the results, along with the 
level of significance based on a sign 
test analysis (Siegel, 1956) for each 
result. Negative cases showed oppo- 
site shifts or no effect. 

The second analysis was concerned 
with the internal consistency among 
the 6 mean shifts (2 Ss X 3 repeti- 
tions) for each condition. In each of 
the 43 out of the total 96 conditions (4 
test colors X 4 inducing colors X 6 
separations), all 6 shifts were in the 


showed significant consistencies beyond 
the 5% level evidenced by the sign 
test, and are marked by asterisks in 
Fig. 2. Except for two separations 
with red inducing and test fields, sig- 
nificant shifts were always toward the 
wavelength of inducing field. Thus 
these statistical analyses support the 
hypothesis. 

On inspecting Fig. 2 and 3, one sees 
that the magnitude of shift generally 
decreases as the angular separation of 
the inducing field from the test field 
increases. Kendall's rank correlations 
(rs) between the magnitude of shift 
and separation were computed for 12 
color combinations for each S, while 
four combinations between the same 
colors were omitted from this analysis 
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Fic. 2. Average data of S YH on wavelength settings in various conditions of inducing 


and test colors, and separation. 


(Solid vertical lines show the mean wavelength settings for 


test colors without inducing fields—\.—and tips of arrows, the mean settings with various 


inducing fields—A;. 


required to maintain the instructed hues in the presence of colored inducing fields. 
vertical lines indicate the dominant wavelengths of inducing fields—)x. 


The arrows represent the direction and amount of compensatory shifts 


Dashed 
The asterisk shows 


significant internal consistency [beyond the 5% level] on the direction of shifts among six 


data of the two Ss for each condition.) 
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Fic, 3. Average data of S TO on wavelength settings in various conditions of inducing and 


test colors, and separation. 


consistent in these cases. Table 2 pre- 
sents the obtained correlations and 
their levels of statistical significance 
(Siegel, 1956). Out of 24 correlations, 
2 are significant beyond the 1% level, 
and 6 are significant beyond the 5% 
level. All correlations except 2 are 
negative. A negative correlation means 
a decreasing contrast effect with in- 
creasing separation. This distribution 
is significantly biased to the minus side 


TABLE 1 


No. or SHIFTS DIRECTED TOWARD THE WAVE- 
LENGTH OF INDUCING FIELD OUT OF 16 
MEAN Suirts ror EACH CONDITION 
OF SEPARATION 


Separation between Inducing and Test Fields 
Ss 


05.3 BR t 2* ae | ge 


YH 15*** 15*** 15*** 15*** 15*** 13* 
TO |14 | 12" |i15*** 14** |16***| 13* 


y 
** 
xk 


(Symbols used are similar to those described in Fig. 2.) 


to a degree beyond the 0.1% level 
shown by the sign test. These analyses 
supported the trend that color contrast 


TABLE 2 


RANK CORRELATIONS BETWEEN THE SHIFT 
OF WAVELENGTH SETTING AND 
THE SEPARATION 


Rank Correlations (7s) 


Test Inducing = 

Colors Colors 

SYH S TO 
blue Green —.73* —.33 
blue Yellow —.20 —.33 
blue Red —.20 —.07 
green Blue —AT —.13* 
green Yellow +.20 —.07 
green Red +.07 — AT 
yellow Blue —.73* —.60 
yellow Green —.87** | —47 
yellow Red —,33 —.33 
red Blue =.73* |. —.73* 
red Green —1.00**| —.33 
red Yellow —.73* | —.20 


=a 
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decreases as the separation between 
the inducing and test fields increases. 
However, the decreasing processes ob- 
served are somewhat irregular, as 
shown by the small values of obtained 
correlations. 


Discussion 


First of all, it should be stressed that the 
results of the present study represent com- 
pensatory wavelength adjustments made 
by Ss to maintain constant hues in the test 
field when a differently colored inducing 
field is introduced at various spatial sepa- 
rations from the test area. In other words, 
compensatory relationships (those pro- 
ducing constant hue responses) are sought 
among three stimulus variables, the wave- 
lengths of the inducing and test fields, 
A, and A, and the separation between 
these two fields, d. 

The hue-response, R,, can be repre- 
sented as a function of these three vari- 
ables: 


Ry = £u Ap d). n] 


This is a kind of stimulus-response func- 
tion discussed by Graham (1950, 1952, 
1958). If the hue response, Rj, is kept 
constant, for instance, "green," the wave- 
length of the test field, Aj, will be varied 
as a function of the other two variables: 


M = da (M d). [2] 


This is a stimulus-stimulus function also 
discussed by Graham (1950, 1952, 1958). 
The dependent variable of this function, 
Ay will have a certain value, \,, when the 
inducing field does not exist. Then, 


M= Ao = pa (d d). [3] 


The data shown in Fig. 2 and 3 were 
represented in the form of Equation 3. 
The analyses applied to these data sug- 
gested two characteristics of this func- 
tion, d». First, this function will be 
positive when the wavelength of the in- 
ducing field is longer than that of the 
test field and it will be negative when the 
former is shorter than the latter. Sec- 
ondly, the function $5 will be a decreasing 
function of the spatial separation between 
the two fields, d. 


The first characteristic of the function 
$4», is a mathematical expression of the 
Observed tendency that the compensatory 
shift in the test field is almost always in 
the direction of the wavelength of the 
inducing field. This tendency was al- 
ready found by Akita, Graham, and Hsia 
(1964) and Graham and Akita (1964), 
and confirmed by the present study. For 
instance, in the presence of a yellow in- 
ducing field, an originally somewhat yel- 
lowish test color is chosen as the best 
green. Probably, the test color itself be- 
came bluish (a change in the direction 
away from the inducing color) due to the 
contrast effect of the inducing field, and 
S had to make the test light slightly yel- 
lowish to compensate for the color tinge. 
In the same way, all other shifts in 
wavelength settings can be interpreted as 
compensations for the contrast hue 
changes of the test field directing away 
from the inducing color. 

Most of the present results support a 
classical view that the contrast color is 
always the complementary of the induc- 
ing color. However, some results of the 
present as well as the previous studies are 
not in line with this view. For example, 
even in the cases of the red test color with 
a blue inducing field and the blue test 
color with a red inducing field, the shifts 
in wavelength settings frequently oc- 
curred in the direction of the inducing 
wavelengths, though this trend reached 
the statistically significant level in only 
4 of the 12 cases (2 color-combinations X 
6 separations). These facts suggest that 
the red test color with a blue inducing 
field became purplish, instead of being 
yellowish, as would be expected from 
simple analogy with color mixture com- 
plementaries, and the blue test color with 
a red inducing field also became purplish, 
instead of being greenish. The com- 
pensating settings shifted toward shorter 
and longer wavelengths, respectively. 
Such findings are in general agreement 
with, e.g., the work of Cook and Kunkel 
(1916), who found that the contrast color 
of red was bluer than the complementary 
of red as determined by means of color 
mixture, and the contrast of blue was 
redder than the complementary of blue. 
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It should be noted that, in the present 
study, not only in the case of the con- 
tiguous presentation of the inducing and 
test fields (zero separation) as in the 
previous studies, but also in every condi- 
tion of separation up to 8°, it was ob- 
served a statistically significant trend that 
the shifts in wavelength settings occurred 
in the direction of the inducing colors. 
Consequently, hue changes in the direc- 
tion away from the inducing color can be 
assumed in all separation conditions used. 

The second characteristic of the func- 
tion $2 corresponds to the tendency for 
the compensatory shifts to decrease as 
the separation between inducing and test 
fields increases. In the present study, 
rank correlations between the magnitude 
of compensatory shift and the separa- 
tion were computed for 12 conditions. 
Most of them showed negative correla- 
tions which meant the trend that the 
shift decreased as the separation in- 
creased, but the observed decreasing proc- 
esses were somewhat irregular. Con- 
cerning the effect of separation on bright- 
ness contrast, Leibowitz, Mote, and Thur- 
low (1953) showed that the contrast ef- 
fect gradually decreases as the separation 
increases up to 0.5°, but could find no 
consistent trend for separation of 0.5? to 
9°, though a residual effect still existed 
in these conditions. To compare with 
their finding, the color contrasts (wave- 
length shifts) obtained in the condition of 
0.5? separation of the present study were 

‘compared with those of the 0° and 8° 
separations, for the 12 color combinations 
where the inducing and test colors were 
different. Combining the data of the two 
Ss, the contrasts of 0.5? separation were 
smaller than the contrasts of 0° separa- 
tion in 19 of 24 cases (2 Ss X 12 condi- 
tions), and they were greater than those 
of 8° in 20 cases. These trends were 
shown to be significant by the sign test 
beyond the 0.595 level. Even when the 
4? and 8? separations were compared, 
a significant trend beyond the 5% level 
was found (the contrasts of 4? were 
greater than those of 8? in 17 out of 24 
cases), though such a trend was not 
found in Leibowitz, Mote, and Thurlow's 
(1953) brightness contrast study. In 
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this sense, the decreasing trend of con- 
trast with the increase of separation was 
observed over the entire range of separa- 
tion used in the present study. 

The color contrasts observed in the 
present study may be understood as the 
results of some physiological interaction 
in the retina, and probably in the brain, 
Earlier evidence for retinal interaction 
was reviewed by Graham (1934). Re- 
cently, more physiological evidence has 
been offered by some investigators, in- 
cluding Hartline and Ratliff (1957), who 
showed that in the eye of Limulus, the 
frequency of electric discharge recorded 
from a single optic fiber leading from a 
single receptor decreases, or is inhibited, 
if a neighboring receptor is stimulated 
simultaneously. Their later study showed 
decreased inhibitory action with increased 
distance between the interacting units 
(Ratliff & Hartline, 1959). In addition 
to such inhibition, enhancement and dis- 
inhibition may be possible components of 
the contrast effect, but in general the 
process would occur in excess so that in- 
hibition may usually occur as the net 
result (Diamond, 1960). 

Tn the case of color contrast, a selective 
inhibitory mechanism may be hypothe- 
sized as the net result. A possible expla- 
nation of color contrast is that a selective 
inhibitory mechanism depresses the sensi- 
tivity of the color-receiving system which 
corresponds to the inducing color, while 
depressing to a lesser degree or even en- 
hancing the sensitivity of the other color- 
receiving systems, although the other 
systems need not be equally affected. For 
instance, a green inducing field will make 
the green-receiving system less sensitive 
than the blue- and red-receiving systems. 
In this situation, to get the best yellow, 
more green light would be needed than 
usual. These assumptions may explain 
the compensatory shifts obtained in the 
present study, but the hypothetical mech- 
anisms of selective interaction should be 
elaborated to explain the observed shifts 
in the blue and red regions, those con- 
tradicting the classical view based on 
complementaries. 

Boynton, Enoch, and Bush (1954) 
showed by a direct physical method that 
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a considerable amount of stray light ex- 
ists in the excised eyes of the steer, cat, 
and man. Fry and Alpern (1963) 
demonstrated that the "veiling glare" pro- 
duced by a large field of low luminance 
superimposed on a foveal test field can 
produce an inhibitory effect on the test 
field similar to that from a peripheral in- 
ducing field of high luminance, suggesting 
that most of the brightness contrast pro- 
duced by a separated inducing field can be 
attributed to the effect of stray light. 
Leibowitz, Mote, and Thurlow (1953) 
agreed with this opinion in respect to the 
residual brightness contrast found in their 
separation conditions greater than 0.5°. 
It may be possible to attribute a portion 
of each color contrast obtained in the 
separation conditions of the present study 
to the effect of stray light falling on the 
area adjacent to the test field. However, 
the extent of its contribution to the pres- 
ent results can not be determined, since 
data on color contrast from a very weak 
inducing stimulus are not available at the 
present time. (The lowest luminance 
of the inducing field used by Graham & 
Akita, 1964, was 1 mL.) 
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INTERTRIAL STIMULI AND GENERALIZATION OF THE 


CONDITIONED EYELID RESPONSE? 
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A total of 290 human Ss participated in 2 experiments designed to in- 
vestigate the effect of variation of the similarity between the intertrial 
stimulus (ITS) and the CSs upon generalization of the eyelid CR. 
Employing simple auditory stimuli, several effects of a proximal ITS 
were noted including (a) sharpening of the gradient, (b) skewing of 
the gradient away from the ITS, and an overall depression of the 
gradient with increases in proximity. These results were predicted 
from a theory which assumes that inhibition generalizes from the 
ITS in the same way in which inhibition generalizes from stimuli 
which have received systematic nonreinforcement. Possible sources 


of ITS inhibition were discussed, 


The purpose of this investigation 
was to determine the effect of varia- 
tion of the frequency and intensity of 
an intertrial tone upon generalization 
of the conditioned eyelid response 
along an auditory frequency dimension. 

One of the key ideas of the Perkins- 
Logan theory of stimulus intensity is 
that inhibition accrues to the intertrial 
stimulus (ITS), presumably through 
nonreinforcement of generalized CRs 
which occur during the intertrial inter- 
val. Since this inhibition can, in turn, 
generalize, it follows that the nearer 
the ITS is to a CS along some stimu- 
lus dimension, the greater will be the 
reduction of CR strength. 

Moore and Newman (1964) have 
recently reported a decrement of CR 
performance in a simple eyelid condi- 
tioning situation in which the ITS 
and CS were highly similar pure tones. 
These tones were so much alike in 
their physical characteristics, in fact, 
that some Ss may have been unable 

1 The investigation was supported in part 
by Public Health Service Grant NIH-HD- 
00955-02. The authors wish to acknowledge 
the assistance of Philip Tolin and Jean Pez- 
zoli who participated under the undergradu- 


ate work-scholarship program of the Uni- 
versity of Massachusetts. 


to reliably detect the onset of a trial. 
This possibility was eliminated in the 
experiments to be reported here. 


EXPERIMENT I 


In this experiment four pure tones 
of equal loudness, but separated by 
100 cps, were employed in a within-Ss 
type design in which the first tone 
along the scale was the ITS. The 
next tone was a nonreinforced CS 
(designated Sy—, N for "near" to the 
ITS). The third tone was the re- 
inforced CS (S+), and the fourth 
tone was another nonreinforced CS 
(designated Sp—, F for "far" from 
the ITS). The intertrial tone (ITS) 
was on for the entire duration of all 
intertrial intervals. If inhibition gen- 
eralizes from the ITS to the other 
tones the generalization gradient? 

?' The generalization gradients reported 
here were computed from a series of dif- 
ferential conditioning trials following crf. 
For this reason the term generalization in 
this report should be taken to mean the in- 
verse of differentiation, and our generaliza- 
tion gradients might better be called differ- 
entiation gradients. The theoretical argu- 
ments are nonetheless valid as applied to this, 


or to more conventional tests of either gen- 
eralization or differentiation. 
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formed by the three CSs should be 
relatively steep on the side nearest the 
ITS and comparatively flat on the op- 
posite side, i.e., the gradient should 
be skewed away from the ITS. This 
same pattern should be observed in 
another type of experimental design 
in which each of two independent 
groups receive the same ITS and S+, 
but only one of either Sy— or Sr-. 
Because of differences in proximity 
to the ITS, the group receiving Sn— 
was expected to show the steeper 
gradient, 


Method 


Apparatus.—The apparatus has been par- 
tially described elsewhere (Moore & New- 
man, 1964). The Ss' room contained two 
identical enclosures which permitted one or 
two Ss to be run during a session, each with 
identical stimulating and recording equip- 
ment. Auditory stimulation was generated 
by Hewlett-Packard audio-oscillators ( Model 
200-AB) and a Grayson-Stadler noise gen- 
erator (Model 455-C) and delivered over 
impedance matched loudspeakers in S's en- 
closure. The intensity of all tones presented 
to S was 70-db. SPL. The intensity of the 
continuous masking noise was also 70-db. 
SPL. ` 
Each S wore a Waltke elastic headband 
supporting an airjet with a ye-in. orifice and 
a Minitorque potentiometer (Giannini Model 
35153) which picked up movements of the 
right eyelid. Signals from the potentiome- 
ter were recorded by an Offner Type RP 
Dynagraph during both the on-trial and in- 
tertrial periods. The speed of the recording 
paper was 100 mm/sec for the on-trial in- 
terval and 1.67 mm/sec for the intertrial in- 
terval. 

The duration of CSs (pure tones) was 850 
msec, terminating on reinforced trials to- 
gether with a 50-msec. airpuff so as to pro- 
vide an 800-msec. CS-US interval. The US 
intensity was 100-mm. Hg. static pressure 
(1.96 psi). 

Design.—The within-Ss design discussed 
in the introduction (henceforth designated 
Group N-F) was completed with 32 Ss with 
counterbalancing for S’s sex, recording chan- 
nel, and the placement of the ITS on the 
auditory frequency dimension, ie., for half 
of these Ss the ITS was a tone of 600 cps 
and for the other half “direction” was re- 
versed by placing the ITS at 900 cps. An 
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additional 64 Ss completed the between-Ss 
design. The subgroups receiving Sw— and 
Sr— will henceforth be designated Group N 
and Group F, respectively. Sex, channel, and 
“direction” were, again, the orthogonal con- 
trol variables. Groups N-F, N, and F were 
run at the same time. An additional 32 Ss 
were run later in a control experiment which 
replicated Group N-F in every way, save 
one. In this group the ITS consisted of 
noise alone, i.e, the intertrial tone was elimi- 
nated. In all groups which received an in- 
tertrial tone, the onset of a CS always oc- 
curred simultaneously with the offset of the 
ITS, and vice versa. The duration of an 
intertrial tone was therefore always the 
length of the intertrial interval. 

Procedure.—Following "neutral" instruc- 
tions, all Ss received 18 reinforced condi- 
tioning trials to S--. This was immediately 
followed by 26 nonreinforced S— trials in- 
terspersed among 26 additional S+ trials with 
the restriction of not more than two pres- 
entations of the same stimulus in succession. 
In the within-Ss design, the 26 S— trials 
were half to Sy— and half to Sy—. In the 
between-Ss design the S— trials were either 
Sx— or Sr—, but not both. The intertrial 
intervals were 20, 25, and 30 sec, varied 
randomly. 

Response criteria—A CR was defined as 
an eyelid closure of at least 1 mm. on the 
recording paper in the interval from 150 to 
825 msec. after CS onset. The number of 
clearly distinguishable blinks which occurred 
during the 10-sec. period immediately pre- 
ceding each trial was also recorded. 

Analyses of percentage CRs were based 
only on the last 52 trials. Since primary in- 
terest was in detecting differences between 
the slopes of the two sides of the gradient 
formed by Sx—, S+, and Sr—, both low- and 
high-level responders were discarded in or- 
der to reduce possible distortion of the rela- 
tionship by the limitations on the range of 
the dependent variable. The Ss were ex- 
cluded from statistical analyses if they either 
failed to attain a relative frequency of CRs 
of 3/26 to at least one CS or if they attained 
scores greater than 23/26 to all CSs.8 Other 
Ss were discarded if their intertrial response 
records were considered unreadable. 

Subjects—Sixty-four men and 64 women, 
recruited from introductory psychology 
classes at the University of Massachusetts 
completed the design of Exp. I. The 32 Ss 


3 High-level responders eliminated by this 
criterion included most of the Ss who would 
be classified as “voluntary responders” by the 
Spence and Ross (1959) criteria. 
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TABLE 1 


DISTRIBUTION OF DISCARDED Ss IN Exp. I 
BY THE VARIOUS CRITERIA 
FOR ELIMINATION 


JOHN W. MOORE AND FREDERICK L. NEWMAN 


the direction supporting the theoretical 
predictions. This interaction arose 
from the greater responding to S+ 
in Group N than in Group F, F(1,48) 


Criterion for Discarding S 


e ooe |) iets oreda E 
Level Level Intertrial 
Responder | Responder | Record 
N-F 11 11 1 23 
N 4 6 7 di 
F 10 11 7 28 
Control 1 1 2 4 
"Total 26 29 17 72 


in the control group receiving no intertrial 
tone were paid $1.50 for their participation. 
An additional 72 Ss were discarded from sta- 
tistical analysis as indicated in Table 1. 


Results 


Figure 1 shows the percentage CRs 
for the three experimental groups. 
The position of the intertrial tone is 
indicated at the origin of the figure. 

Analysis of variance of the arc sine 
transforms of the data from Group 
N-F indicated that the slope of the 
gradient on the side nearest the ITS 
was significantly greater than that on 
the opposite side, F(1,48) = 5.90, p 
<.05. Analysis of variance of the 
between-Ss design (Groups N and F) 
revealed a significant Stimulus (S+ 
vs. S—) X Group (N vs. F) inter- 
action F(1,48) = 11.35, p< 01, in 


70 
o 
[4 
o 
rs 
z 
pm 
o 
[:4 
W ao — Grow N-F 
=== Group F 
—- Group N 
S Syr S+ Sr- 
STIMULUS DIMENSION (CPS) 
Fic. l. Generalization gradients for the 


three experimental groups of Exp. I, exclud- 
ing data from all discarded Ss. 


= 8.43, p « .01; these two groups did 
not differ significantly in responding 
to their respective S—. The within-Ss 
control group (not shown in Fig. 1) 
yielded percentages CRs of .51, ,55, 
and 48 to Sy—, S+, and Sp—, re- 
spectively. The difference in the slopes ^ 
was in the opposite direction from that - 
observed in the experimental groups, 
There were, in fact, no significant dif- 
ferences among the three percent: 
scores, indicating a failure to obtain 
differentiation without an intertrial 
tone. 

Figure 2 shows the empirical gradi- 
ents using data from all Ss including |. 
those discarded from statistical analy- 
ses by the criteria set down under 
method, and Fig. 3 shows the same 
data excluding only high-level respond- 
ers. Inspection of these figures in- 
dicates that the basic relationships. 
shown in Fig. 1 were not merely a 
function of the selection criteria since 
the same pattern of results is apparent 
in all three figures. ; 


Discussion 


One interesting complication in these 
data was the depression of responding to 
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Fic. 2, Generalization gradients for the — 
three experimental groups of Exp. I, includ- 
ing data from all discarded Ss. 


INTERTRIAL STIMULI AND GENERALIZATION 


PER CENT CRs 


STIMULUS DIMENSION (CPS) 


Fic. 3. Generalization gradients for the 
three experimental groups of Exp. I, includ- 
ing data from all discarded Ss except high- 
level responders. 


S+ in Group F compared with that in the 
other experimental groups. Mednick and 
Freeman's (1960) “units” hypothesis 
states that the degree of generalization 
between two stimuli is inversely related 
to the number of different stimuli that S 
experiences which separate them on the 
stimulus dimension, Applying this notion 
to the present experiment, it is clear that 
S+ was only one unit removed from the 
ITS in Group F and, because of the in- 
terposition of Sy—, two “units” removed 
in Groups N-F and N. Therefore, the 
performance of Group F would be de- 
pressed because of its closer proximity, 
in terms of units, to the ITS. 

Another interesting aspect of the data 
was the comparatively sharp gradient 
obtained in Group N-F, contrasted with 
the control group, which seemed to con- 
sist of an increase in responding to S+ 
rather than a decrease in responding to 
S—. A suggestive parallel to this can be 
found in reports of recent experiments 
employing pigeons in operant conditioning 
situations, Some of these, notably Han- 
son (1959), have demonstrated that sys- 
tematic, nonreinforcement of a proximal 
stimulus produces a sharpening of the 
generalization. gradient compared with 
the gradient obtained without differential 
conditioning. Perhaps this sharpening of 
the gradient in the present experiment 
was due to the greater similarity be- 
tween the CSs and ITS, all stimuli being 
pure tones of equal intensity. In the con- 
trol group, on the other hand, the CSs 
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were tones but the ITS consisted of noise 
alone. 
EXPERIMENT II 


In this experiment the similarity 
between the CSs and ITS were ma- 
nipulated in another way. The in- 
tensity of the ITS was varied so that 
in one group (Group 70) the intensity 
was equal to that of the CSs, in a 
second group (Group 60) it was less 
intense, and, in a third group (Group 
80) more intense than the CSs. An 
additional change from the design of 
Exp. I consisted of interposing the 
ITS midway between one of the two 
nonreinforced CSs and S+. An addi- 
tional control group was run which 
received S+, Sy—, and Sp—, but only 
noise during intertrial intervals. 

It was expected that the effect of 
the ITS would be most potent in 
Group 70 where there was close prox- 
imity of the ITS to the CSs. The 
effect should be weaker in Groups 60 
and 80, due to the reduction of simi- 
larity between the ITS and CSs pro- 
duced by making their intensities un- 
equal, And finally, the control group 
should show little or no influence of 
the ITS (noise alone) on the gradient 
formed by responding to the CSs. 


Method 
The apparatus and general procedure were 
the same as those in Exp. I. For all Ss, the 
TABLE 2 


DisrRIBUTION OF DISCARDED Ss IN Exp, II 
BY THE VARIOUS CRITERIA 
FOR ELIMINATION 


Criterion for Discarding S 


Group d] Tow. High. | Unreadable| "°! 
Level Level Intertrial 
Responder | Responder| Record 

60 3 3 2 8 
70 2 2 1 5 
80 2 3 1 6 
Control 3 1 il 5 
Total 10 9 5 24 
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Fic. 4. Generalization gradients for all 
groups of Exp. II, excluding data from all 
discarded Ss. 


S+ was an 800-cps pure tone, and the two 
nonreinforced CSs were pure tones of 700 
and 900 cps. The intensity of these three 
CSs was 70-db. SPL, and the schedule of 
their presentation was the same as in Group 
N-F in Exp. I. 

The ITS was a tone of either 750 or 850 
cps, and its intensity was 60-, 70-, and 80-db. 
SPL for Groups 60, 70, and 80, respectively. 
Each group was composed of 16 Ss. The 
position of the ITS tone (750 or 850 cps) 
and recording channel were orthogonal con- 
trol variables. The ratio of women to men 
was 3:1 in each cell of the design. The con- 
trol group of 16 Ss received noise alone dur- 
ing intertrial intervals. In all 28 Ss were 
discarded according to criteria employed in 
Exp. I, distributed among groups as indi- 
cated in Table 2. 


Results 


Figure 4 shows the generalization 
gradients obtained by collapsing the 
data from subgroups with ITSs con- 
sisting of 750- or 850-cps tones into 
a single abscissa. 

The figure clearly shows the pre- 
dicted skewness of the gradient for 
Group 70 away from the ITS. The 
distorting effect of the ITS tone on 
the gradients of Groups 60 and 80 was 
even more pronounced in that the peak 
of the gradient actually tended to shift 
toward the S— furthest from the ITS 
along the stimulus dimension. The re- 
liability of this skewness was confirmed 
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by an analysis of variance on the arc 
sine transforms of percentages of CRs 
which showed a significant linear trend 
in the mean gradient, increasing from 
left to right, F(1,72) = 11.50, p< 
005. "Trend analysis also indicated a 
significant quadratic component on the 
mean gradient, F(1,72) =7.50, p< 
.01, but as can be seen in Fig. 4, this 
was due primarily to data from Group 
70. The existence of a significant 
quadratic component in the interaction 
between ITS intensity and the CSs, 
F(2,72) = 3.44, p < .05, confirms that 
the gradient of Group 70 was signifi- 
cantly sharper than those of Groups 
60 and 80. 

In the control group, the percent- 
ages of CRs to the 700-, 800-, and 
900-cps tones were .49, .51, and .46. 
This is comparable with the perform- 
ance of the control group in Exp. 
I, and analysis of variance revealed 
neither a significant linear nor quad- 
ratic component in this gradient. 
Discussion 

The mean gradient in Fig. 4 shows 
the predicted skewness of the gradients of 
the experimental groups away from the 
ITS. The gradient for Group 70, in ad- 
dition to being skewed was comparatively 


sharp. By contrast, the other gradients 
were rather flat. At the same time, the 


TABLE 3 


MEAN INTERTRIAL BLINK Rates (ITR) OF 
Exp. I AND II (Biinxs/Sec) RE- 
CORDED DURING THE 10 SEC. 
PRECEDING EACH TRIAL 


Exp. I Exp. II 
TR 
Group ITR Group T 
N-F lt 60 44 
N EE 70 -11 
F xir 80 49 
Control 44 Control A2 


Note.—The main effect of ITS intensity was ae 
nificant in Exp. II, F (2, 36) = 4.31, 025. Oe 
primarily to the comparatively high level of responí 
in Group 80. 


INTERTRIAL STIMULI AND GENERALIZATION 


skewing effect of the ITS was so great 
in Groups 60 and 80 that the maxima of 
these gradients actually shifted from S4- 
to Sp-. The picture that emerges is 
this: With close proximity of the ITS 
a sharpening of the gradient occurs, 
as exemplified by Group 70; with in- 
creased distance from the ITS, the skew- 
ness increases and the sharpening effect 
drops out, as exemplified by Groups 60 
and 80; and finally, at still greater dis- 
tances the ITS loses its effect altogether, 
resulting in a comparatively flat and 
symetrical gradient. The details of this 
picture obviously need further experi- 
mental as well as theoretical elaboration. 

As a final illustration of the inhibiting 
effect of the ITS we may note that the 
gradient of Group 70 was depressed about 
1095 below the gradient of Group N-F in 
Exp. I, while at the same time the per- 
formance of their corresponding control 
groups was highly comparable. The 
overall depression presumably resulted 
from the closer proximity of the ITS to 
S+ in the former group, both in terms 
of cps and number of stimulus units. 


GENERAL DISCUSSION 


That part of the Perkins-Logan theory 
which assumes that inhibition general- 
izes from the intertrial stimulus has been 
substantiated by the experiments reported 
here, However, we have been unable to 
obtain evidence of generalization in the 
other direction, ie, from CS to ITS. 
Intertrial responding showed little evi- 
dence of the increase in rate which would 
be expected if CRs generalized from a 
proximal CS. For example, those groups 
which received an intertrial tone should 
have shown significantly higher intertrial 
blink rates than the two control groups 
because of the comparatively shorter 
“distances” between the S+ and ITS in 
these groups. Table 3 indicates the mean 
intertrial blink rates in all major groups 
of these experiments. This failure to ob- 
tain evidence of generalized CRs is per- 
haps not surprising in view of the rela- 
tively nondynamic nature of the ITS 
(Hull, 1943, p. 207). However, if CRs 
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do not occur between trials there can be 
no extinction of these responses and this 
simple source of inhibition must be 
abandoned. 

Because of this weakness of a Perkins- 
Logan type theory, it seems wise to: indi- 
cate an alternative interpretation for these 
results. One expedient would be to as- 
sume that the effectiveness of a CS de- 
pends directly upon the degree to which 
it “stands out” from its context. As 
recently indicated by Grice and Hunter 
(1964), the mechanism for such a “dy- 
namism” effect might be found in the 
adaptation level produced by a particular 
intertrial stimulus. The two viewpoints 
really seem to be equivalent as far as 
predicting the outcome of our experi- 
ments. But we retain a preference for 
the inhibition theory because of its ex- 
plicitness and because of the striking and 
suggestive similarities between the effect 
of a proximal ITS upon generalization 
of the conditioned eyelid response, as 
demonstrated here, and the effect of 
specific discrimination training upon 
generalization in other situations, notably 
those involving operant conditioning of 
pigeons. 
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TRANSFER EFFECTS AND RESPONSE STRATEGIES 


IN PATTERN-VERSUS-COMPONENT 
DISCRIMINATION LEARNING 


MORTON P. FRIEDMAN 


University of California, Los Angeles 


2 groups of human Ss received training on discrimination problems in 
which component patterns received differential reinforcement from 
compound patterns which contained them. At 2 stages in acquisition 
training, a series of transfer tests were presented which consisted of 
novel compounds of cues used in the training series, The principal re- 
sults were: (a) During acquisition, transfer occurred from component 
patterns to compound patterns and vice versa. (b) On the transfer 
tests, response strategies of responding to subpatterns and cues of the 
novel compounds were observed in differing degrees in the 2 groups. 
The results were discussed within the framework of stimulus sampling 
theory and a specific “mixed” model was proposed to account for the 


results. 


In a pattern-vs.-component discrim- 
ination problem, components receive 
differential reinforcement from com- 
pound patterns which contain them. 
For example, in the paired-associates 
task used here, the component a and 
the compound pattern ab are paired 
with different responses. The pattern- 
vs.-component discrimination task is 
interesting because of its relevance to 
the overlap problem of discrimination 
learning theory (Estes, 1959, 1962). 
The central issue of the overlap prob- 
lem is the conceptualization of the 
common cues involved in learning dif- 
ferent responses to stimuli that have 
common cues, In the pattern-vs.- 
component discrimination problem, the 
basic empirical relationships which 
must be accounted for are (a) the 


l'This article is based on a dissertation 
submitted to the Graduate School, Indiana 
University, in partial fulfillment of the re- 
quirements for the PhD degree. The author 
wished to express his appreciation to his ad- 
visor, W. K. Estes, for guidance and encour- 
agement during the course of the study. 

2This research was supported in part by 
the National Science Foundation (Grant G- 
5525) and in part by the Office of Naval Re- 
search, Nonr 233 (58). 
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transfer which occurs between com- 
ponents and compound patterns during 
training before discrimination becomes 
perfect, and (b) transfer which occurs 
to new situations. 

To illustrate the problem of trans- 
fer during learning, consider a dis- 
crimination task in which a is assigned 
Response R, and ab is assigned Re 
Early in training, Rə will sometimes 
be evoked by a and R, by ab. The 
problem is how to conceptualize the 
cue a which is common to the two 
stimuli in order to allow both for these 
transfer effects, and the eventual per- 
fect discrimination. The problem 1$ 
not as simple as might first appear. 
Adaptation of irrelevant cues (Restle, 
1955) cannot be invoked because there 
are no irrelevant cues to adapt; neither 
can it be assumed that S learns only 
to observe relevant cues (Atkinson, 
1960) because all cues are relevant: 
But if it is simply assumed that a an 
ab are learned separately as patterns: 
then transfer effects are not predicted. 

To illustrate the problem of trans. 
fer to new situations, assume that 
has learned to associate Ri with % 
Rə with ab, Rs with c, and R4 with 


n a 
——————————————"—————— "———DLe-— 


RESPONSE STRATEGIES IN DISCRIMINATION LEARNING 


cd. How will Ss respond to the novel 
compound ac? Because the compound 
is novel, any nonchance responding 
must be in terms of the constituents 
a and c. But how should these con- 
stituents be described? Within the 
framework of stimulus sampling the- 
ory, a constituent, say a, of the novel 
compound ac can be regarded in two 
ways: First, a can be regarded as a 
“subpattern” of ac since @ was pre- 
sented alone as a distinct training pat- 
tern, Second, a can be regarded as 
an element or cue of the compound 
ac which overlaps the training patterns 
a and ab. Thus, responding to novel 
compounds could be mediated by re- 
sponding to subpatterns, or by re- 
sponding to cues. 1f S adopted a 
response rule or strategy of responding 
solely to subpatterns of novel com- 
pounds, then only Ry or Ra would 
occur to ac. Alternatively, if S's 
strategy was to respond to the con- 
stituents of ac simply as cues, then 
Ra, Rs Rs, or Rs would all occur. 
Thus, the theoretical problem of trans- 
fer to new situations is centered on an 
explication of the response rule or 
strategy that S employs. 

To handle the theoretical problem 
of pattern-vs.-component discrimina- 
tion, this paper considers a "mixed" 
model (Atkinson & Estes, 1963; 
Friedman & Gelfand, 1964) which 
combines features of both the com- 
ponent model (Burke & Estes, 1957), 
and the pattern model (Estes, 1959) 
of stimulus sampling theory. Like the 
pattern model, the mixed model as- 
sumes that association takes place in 
terms of patterns or wholes, and that 
the association occurs in an all-or-none 
manner. The mixed model further 
assumes that when a pattern becomes 
associated with a response, each of its 
component cues is also conditioned to 
that same response. Finally, the mixed 
model introduces a response rule or 
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strategy that controls responding to 
unassociated novel patterns. The as- 
sumed strategy is that of responding 
to subpatterns or cues when faced with 
novel patterns. Since learning is as- 
sumed to be all-or-none, any unlearned 
pattern is regarded as a novel pattern 
and the same response strategy should 
apply. This response mechanism thus 
allows predictions about rates of learn- 
ing of correct responses, elimination of 
inappropriate responses, and transfer 
to new situations. 

Using some of the notions of the 
mixed model, Estes and Hopkins 
(1961) gave a preliminary theoretical 
analysis of pattern-vs.-component dis- 
crimination learning. The present 
study is a further investigation of 
pattern-vs.-component discrimination 
learning, and an attempt is made to 
present a detailed quantitative account 
of acquisition and transfer using the 
mixed model. To study different types 
of transfer during learning, the design 
of the experiment includes two dif- 
ferent sorts of discrimination problems. 
The difference between the two prob- 
lems is best illustrated by an example. 


TABLE 1 


STIMULI AND RESPONSE ASSIGNMENTS 
FOR Groups 1 AND 2 


Correct Response 


Training Pattern 
Group 1 Group 2 
Problem 1 
a Ri Ri 
b Re R: 
ab Rs Rs 
ba 3 R: 
Problem 2 
C Rs Rs 
d Rs Re 
cd. Ri Ra 
dc Ri Rs 
Problem 3 
e Ri Rs 
f Rs Ri 
ef Rs Ri 
fe Rs Ri 
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Table 1 contains the training lists 
for the two experimental groups, but 
only Problem 1 in the upper third of 
the table need be considered now. For 
Group 1, the reinforced responses are 
different for components and for com- 
pounds which contain them: R, is 
assigned to a, Rs to b, and Rs to ab 
and ba. For Group 2, the task is 
comparable to the Estes and Hopkins 
design in which only one component 
(cue a) is differentially reinforced 
from compounds which contain it: R; 
is assigned to a, Rs to b, ab, and ba. 

In addition to ordinary acquisition 
data, transfer tests were run with novel 
compounds of cues which appeared in 
the training series. For example, one 
of the novel test compounds was ac. 
Both cues a and c had appeared alone 
and as constituents of other compounds 
but never together during training. 
These test trials help evaluate the ef- 
fects of the previous reinforcement his- 
tory of the separate cues, and provide 
direct information about the strategy 
used in responding to unlearned pat- 
terns, 
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Design.—All Ss were trained concurrently 
on three similar pattern-vs.-component dis- 
crimination problems. The two major treat- 
ment groups differed only in the way “cor- 
rect" responses were assigned to components 
and compounds. Table 1 shows the 12 train- 
ing stimuli and response assignments for 
Groups 1 and 2. The assignment of re- 
sponses was counterbalanced over the three 
problems so that each response was correct 
for one compound and two components. 

After 8 and again after 16 reinforcements 
of each training pattern, nonreinforced test 
trials were given on novel compounds. The 
24 test compounds consisted of all ordered 
pairs of the stimuli a, b, €, d, e, and f which 
were not used as training compounds. 

Stimuli and apparatus—The stimuli were 
combinations of six Russian letters, here 
designated a through f. They were projected 
in 7-in. size on a 48 X 48 in. screen. Com- 
pounds were presented with the components 
one aboye the other, Thus, for compound 
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ab, a was the upper letter and b the y 
letter, the opposite being the case for b 

Two booths containing identical rı 
panels were located 8 ft. from the pr 
tion screen in the experimental room, 
push-button response switches were ceni 
located on the response panel in each b 
Small white pilot lamps above each b 
served as reinforcing stimuli, 

The slide projector and the progra 
and recording equipment were in an adjt 
ing control room. Time intervals were 
gramed by electronic timers. Slides 
automatically programed and the respo 
recorded by an IBM 526 summary pun 

Procedure.—The instructions described 
study as concerned with the developmen 
clinical intuition. The training patterns A 
said to represent patterns of symptoms, 
S's task was to learn to make the prop 
diagnosis by associating the different 
terns of symptoms with three diseases, r 
sented by the responses, 

On each trial, the stimulus was pro} 
for 4 sec, with one reinforcing lamp g 
on for the last 1 sec. of the stimulus 
posure, The intertrial interval was 24 

Training blocks were 24 trials long, Withi 
each block, the order of presentation of th 
12 training patterns was randomly 
mined, with the restriction that each pal 
appear twice in the block. There was 
pause between blocks, 1 

A test block was given after the first 
training blocks. The Ss were instructed | 
they would be tested for their clinical i 
tion with some new patterns of symptoms 
which no reinforcing light would be 
sented. They were instructed to give 
“best guess as to the correct diagnosis wi 
is associated with that particular combi 
tion of symptoms." E 

Following these additional instructions, ! 
test block, three training blocks, thei 
other test block were given. Test blo 
were 48 trials in length and contained 
nonreinforced instance of each of the 24: 
compounds and also two reinforced prese 
tions of each of the 12 training patterns. 

Insofar as possible, Ss were run in pai 
Different trial sequences were construc 
for each pair of Ss in each group. 
spatial locations of the responses on the 
sponse panels were completely bal: 
within each group. 

Subjects.—Seventy-two Ss were recruited 
from undergraduate psychology courses. 
additional 36 undergraduate Ss were 
tained from the student employment offic 
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Group 1. 


and were paid $1.50 for the experiment. 
The 108 Ss were randomly assigned to the 
two groups. 


RESULTS AND DISCUSSION 


"Acquisition results.—Since the three 
discrimination problems presented to 
each group were equivalent, the data 
were pooled over problems. The data 
were further pooled over all compo- 
nents for Group 1, and over all com- 
pounds for Groups 1 and 2, as is justi- 
fied by the symmetry of the problems. 
For simplicity, therefore, only the 
problem involving a and b will be re- 
ferred to. 

The mean performance curves are 
shown in Fig. 1 and 2 for Groups 1 
and 2, Each panel of the figures 
shows the obtained response propor- 
tions for the type of training pattern 
listed in the upper left of that panel. 
The symbols T; and T» indicate the 
blocks which also included test trials 
on novel compounds, Training was 
terminated before all patterns were 
discriminated perfectly and the graphs 
show that there were decrements in 
correct responding during the test 
blocks. Consequently, analyses of ac- 
quisition performance were based on 
data before the first test block. 

Mean total errors over Trial Blocks 
1-4 are shown in Table 2. Treat- 
ments were significant at the .05 level 


PROP. RESPONSES 


BLOCKS OF 2 TRIALS 


Fic. 2. Mean performance curves for 
Group 2. 


for both groups: F(1,53) — 12.66 for 
Group 1, and F(2, 106) — 58.02 for 
Group 2. All pair-wise comparisons 
were significant except between the a 
patterns in Groups 1 and 2, and be- 
tween b and ab in Group 2. 

Two kinds of transfer are also visi- 
ble in the performance curves. First, 
responses reinforced to compounds 
tended to occur in the presence of 
their components, For a in Group 1, 
Re and Rs are both errors and would 
be equally frequent if there were no 
transfer. But Rs, being appropriate to 
ab and ba, can transfer to a whereas 
Rə cannot. The left panel in Fig. 1 
shows that this transfer does occur 
since Rg is made twice as often to a 
as Ry. Similarly for Group 2, errors 
to a (Fig. 2, left panel) were pre- 
dominantly Rəs which was the re- 
sponse assigned to ab and ba. This 
result agrees with the findings of 
Estes and Hopkins (1961). 

The second kind of transfer is from 
components to compounds, The only 
relevant data are from Group 2. R, 


TABLE 2 
MEAN Torar Errors, TRIAL BLocks 1-4 


Training Pattern Group 1 Group 2 
a 3.74 3.64 
b 1.93 
ab 3.10 247 


Note.—Each pattern appeared twice in each trial 
lock; maximum possible error score is eight. hl 
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is appropriate for a, and R, errors 
predominated in the learning of the 
correct association to ab (Fig. 2, right 
panel). 

The reliability of the above transfer 
effects was evaluated by comparing 
the appropriate frequencies over Trial 
Blocks 1-4 by ¢ tests. In all cases 
the observed differences were reliable 
at the .05 level. 

Transfer test results.—Results for 
the two test blocks are presented in 
Tables 3 and 4 for Groups 1 and 2. 
Test compounds whose components 
had equivalent reinforcing contingen- 
cies are combined and presented as 
“types” in the tables. The training 
patterns in which components of the 
novel compound types appeared during 
training are listed above their rein- 
forced responses. 


TABLE 3 


OBTAINED AND PREDICTED TEST-TRIAL 
RESULTS FOR GROUP 1 


Response Proportions 
Ri R: R: 
a, cd, dc ab, ba, c 

Type ac 
est 1 43 19 .38 
Test 2 AL 25 .34 
; (.46) (.09) (.45) 
Predicted .50 .00 .50 
a, cd, dc d ab, ba 

E ad 
est 1 EVI 21 37 
Test 2 By o 29 
s 2 .26 
Predicted .50 29 OS 
a, € ef, fe |ab, ba 

Type ae 
Test 1 AL 27 .32 
Test 2 AS 27 .29 
44 .28 28 
Predicted Say E S 


Note.—The training patterns in which the com- 
ponents of the novel compound types appeared in 
during training are listed above their reinforced re- 
sponses. Response proportions in parentheses are for a 
subgroup of 35 Ss who made either 1 or 0 inappropriate 
Ra responses (of a possible six) on the second ac test. 
The Type ac test includes results for ca, bf, fb, de, and 
ed; ad includes da, af, fa, bc, be, eb, ce, ec, df, and fd; 
e includes ea, bd, db, cf, and fe, 
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TABLE 4 


OBTAINED AND PREDICTED TEST-TRIAL 
RESULTS FOR GROUP 2 


Response Proportions 
Rı Ra Rs 
a ab, ba |c, cd, dc 

Type ac 

Test 1 24 44 .62 

Test 2 23 46 61 

Predicted 31 19 .50 
4 in a d, ab, ba | cd, dc 

ype 

Test 1 25 50 25 

Test 2 28 54 48 

Predicted .31 .50 49 
a j a, f, ef, fe| ab, ba 

‘ype a; 

Pest 1 14 18 .08 

Test 2 .82 as .03 

Predicted .81 19 0 

b, ab, ba | c, cd, dc 

Type be 

Test 1 .05 44 wok 

Test 2 03 48 A9 

Predicted 0 50 .50 


Note.—The training patterns in which the com 
ponents of the novel compound types appeared in 
during training are listed above their reinforced, re- 
sponses. The Type ac test includes ca, be, eb, df, and fdj 
ad includes da, ae, ea, de, and ed; af includes fa, bd, db, 
ce, and ec; be includes eb, bf, fb, cf, and fc. 


Responding to novel compounds may 
be in terms of subpatterns, or in terms 
of cues, as discussed earlier, and the 
transfer data will be discussed within 
this framework. If only subpatterns 
were used, then one would get only 
responses reinforced to the constitu- 
ents when they appeared alone during 
training, Alternatively, if cues were 
used, then one would get all responses 
previously reinforced to the constitu- 
ents, either alone or in combination 
with other stimuli. 

Group 2 will be considered first. 
These data show the presence of a 
tendency to respond to subpatterrs of 
novel compounds. Consider first the 
results for Type af in Table 4. Ri 
was correct for a, f, ef, and fe during 
training; Rə was correct for ab and 
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ba during training; Ra was never re- 
inforced in the presence of either con- 
stituent of af. A cue strategy would 
predict only R;'s and R;'s, while a 
subpattern strategy would predict only 
Rs. There are two important things 
to be noted about the results for the 
second af test. First, Table 4 shows 
that there were only 3% Rs which 
means that there was little chance re- 
sponding and that Ss in Group 2 were 
giving only responses previously as- 
sociated with the constituents of af. 
(The 3% Ri's on the second be test 
point to the same conclusion.) Sec- 
ond, there were 82% R;'s but only 
15% Ry's which is consistent with the 
notion that responses associated with 
subpatterns are given special weight. 

However, an alternate interpretation 
must be considered. Ry was reinforced 
twice as often as Rp to the constituents 
of af during training, and the pre- 
ponderance of Ris over Rəs on the 
transfer test may simply reflect cue 
responding with a frequency bias 
(Binder & Feldman, 1960). How- 
ever, the frequency interpretation is 
not consistent with the ac and ad test 
results. Consider the ac test. R1 was 
correct for a, Ra for ab and ba, and Rs 
for c, cd, and dc. Ignoring chance 
responding, Ri and Rə responses 
would indicate responding to the con- 
stituent a, If the relative frequency 
with which the alternative responses 
were reinforced in the presence of a 
was the important determiner of test 
responding, then we would expect 
more Rəs than Ry’s, since Re was 
reinforced twice as often as R, to a. 
Alternatively, if frequency was not 
important and there was a tendency 
to weight responses associated with 
subpatterns more heavily than re- 
sponses associated with cues, then more 
Rys than Rs would be expected. 
Table 4 shows that there were in fact 
23% R,'s and 16% Rəs on the sec- 
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ond ac test, The difference between 
the proportions of R; and Re respond- 
ing was significant at the .05 level. 
Thus, the results for the ac test indi- 
cate that there was subpattern re- 
sponding in Group 2, and that a 
frequency interpretation of cue re- 
sponding is not plausible. Analysis of 
the results for the ad test points to 
the same conclusion. For ad, Ri was 
correct for a, and Rs was correct only 
for cd and dc during training. Ignor- 
ing frequency effects, subpattern re- 
sponding would predict more R,'s than 
R,’s. Table 4 shows that there were 
28% Ry’s and 18% Rs’s on the second 
ad test, and the difference between the 
two proportions is significant at the 
05 level. The ad result, alone with 
ac and af results, point to the conclu- 
sion that there was a certain amount 
of subpattern responding in Group 2. 
The tendency to respond to subpatterns 
agrees with the results of Estes and 
Hopkins (1961) who used a task like 
that assigned to Group 2. 

On the other hand, analysis of the 
test results for Group 1 indicate no 
tendency to respond to subpatterns. 
Consider the results for the second ad 
and ae tests. For ad, Rẹ was correct 
for d, and R, was correct for ab and 
ba,  Subpattern responding would 
show up as a preponderance of R;'s 
over Rəs. Table 3 shows that on 
the second ad test for Group 1 there 
were slightly (and nonsignificantly ) 
more Rs's (.29) than Ro’s (.26). For 
ae, R, was correct for both a and e, 
and Rə and Ra were correct for all 
training patterns containing a and e. 
If Ss in Group 1 tended to respond to 
subpatterns, then there would be more 
Rys than Rys and Rs's combined. 
Table 3 shows that on Group 1’s sec- 
ond ae test there were 46% R;'s and 
54% Rəs and Rs's, indicating no tend- 
ency for Group 1 to respond to sub- 
patterns. 
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Before making any definite conclu- 
sions for Group 1, a problem pointed 
up by the ac test results must be con- 
sidered. Although Rə was never rein- 
forced in the presence either of the 
constituents of ac, Table 3 shows that 
Rə was given 25% of the time on the 
second ac test. In fact, there was ac- 
tually a modest though nonsignificant 
increase in Ra frequency from the first 
to the second test. The relatively 
large amount of Rs responding to ac 
may indicate a certain amount of 
chance responding or the use of other 
strategies which may have masked 
subpattern responding in Group 1’s 
test results. To check on this possi- 
bility, transfer test results were com- 
puted separately for a subgroup of 35 
Ss in Group 1 who made either one 
or zero (of a possible six) inappropri- 
ate (R,) responses to the ac-type 
patterns on the second test. This sub- 
group's obtained response proportions 
are shown in parentheses in Table 3. 
The test results for the subgroup are 
strikingly similar to the overall results. 
Thus, it may be concluded that there 
was no tendency in Group 1 for sub- 
pattern responding. 

How can the differences in response 
strategy between Groups 1 and 2 be 
accounted for? A possible explana- 
tion is that Ss simply use strategies 
on the transfer tests which have 
worked (in the sense of yielding cor- 
rect responses) in acquisition, The 
test data reveal no tendency for Group 
l to respond to subpatterns. For 
Group 1, component training patterns 
were always assigned different re- 
sponses from compounds which con- 
tained them. Therefore, responding 
to subpatterns when unlearned training 
patterns were presented during acqui- 
sition never yielded correct responses. 
On the other hand, Group 2’s test re- 
sults indicate a tendency to respond 
to subpatterns. Half of Group 2's 
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component training patterns had the 
same response assignment as com- 
pounds which contained them, so re- 
sponding to subpatterns of unlearned 
training patterns sometimes paid off 
by yielding correct responses. For 
both groups, overlapping training com- 
pounds were always assigned the same 
response. Therefore, responding to 
constituents of unlearned training com- 
pounds as cues could yield correct 
responses in both groups. 


Theoretical predictions for transfer 
tests.—To make quantitative predictions, 
the notions of responding to subpatterns 
and responding to cues are formalized as 
follows. Two competing strategies for 
responding in the presence of a novel 
compound are assumed. First, a “cue 
search” strategy which represents the 
tendency to respond to the component 
cues of the novel compound independently 
of the sort of training pattern they had 
previously appeared in; second, a “pattern 
search” strategy, which represents the 
tendency to respond to components as 
subpatterns, It is assumed that in the 
presence of a novel pattern, a cue search 
is initiated with probability z, and a pat- 
tern search is initiated with probability 
l-z. In a cue search, S chooses a cue 
at random, and then chooses randomly 
from among the responses associated with . 
that cue. For example, for the ac test 
in Group 2, the cue a is associated with 
R, and Rs because it was a component cue 
of the training patterns a, ab, and ba. 
The cue c is associated only with Rs 
since all the training patterns which con- 
tained it were assigned that response. 
For a cue search, the average response 
probabilities are .25, .25, and .50 for 
R,, Ro, and Rg, respectively. For a pat- 
tern search, it is assumed that S randomly 
selects a conditioned subpattern and gives 
the response associated with it. For the 
ac test, the pattern a is associated with 
R, and the pattern c is associated with 
Rs. The average response probabilities 
given a pattern search are .50, 0, and 
-50 for R,, R,, and Rs, respectively. The 
overall predicted response probabilities 
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which are to be compared with the ob- 
tained proportions are an average of the 
predictions for cue search (weighted by 
z) and the pattern search (weighted by 
1-2). 

Predicted response probabilities for 
Group 1 are shown in Table 3. Since the 
data indicate no tendency for Group 1 
to respond to subpatterns, the predictions 
are based solely on a cue search. Con- 
sidering that even for the selected sub- 
group of Group 1, learning was not com- 
plete and thus one would expect some 
decrement from these predicted propor- 
tions, the fit of predicted to obtained 
proportions in Group 1 is judged to be 
fairly good. 

Using a least-squares procedure, z, 
the probability of a cue search, was 
estimated at .76 for Group 2. The pre- 
dicted response probabilities using this 
estimate are shown in Table 4. The 
predictions are fairly accurate for the 
ad and ae test. For the ac test, there 
was more responding to the component 
cue c than was predicted. This apparent 
preference for c may simply reflect dif- 
ferences in states of learning of a and c. 
Training patterns of the type represented 
by a had not reached the same high level 
of accuracy as the c types of pattern at 
the time of test. This can be seen by 
comparing the learning functions for b 
(which was the same type as c) and 
for a for Group 2 as shown in Fig. 2. 
Alternatively, the apparent preference for 
c may indicate a tendency to respond to a 
relevant cue when one is present. 

Theoretical performance functions.— 
The basic assumptions of the mixed 
model are: (a) Association takes place in 
terms of patterns, but transfer is mediated 
by cues. (b) Transfer only occurs when 
an unconditioned pattern is presented 
which has cues in common with a con- 
ditioned pattern. (c) Transfer during 
learning and responding to novel stimuli 
are determined by the strategy or re- 
sponse rule Ss are using. 

Using these assumptions along with 
the response rule just presented, theo- 
retical performance functions were de- 
rived for the acquisition data shown in 
Fig. 1 and 2. Since the derivations are 
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somewhat tedious and lengthy, they will 
not be reported here. A full account 
of the experiment and a formal presenta- 
tion of the theory and derivations can be 
had elsewhere (Friedman, 1962). Pre- 
dicted performance functions for the three 
responses for the various training pat- 
terns are shown by the dotted lines in 
Fig. 1 and 2 for Groups 1 and 2, respec- 
tively. Because of the decrement in re- 
sponding associated with the test blocks, 
only predictions for the first four blocks 
are shown. In deriving the theoretical 
functions, a single value of the learning 
parameter and a single value for g were 
assumed for all training patterns. The 
two parameters were estimated for each 
group using a technique which minimized 
the sum of the absolute deviations of 
the predicted from the obtained points 
for all training patterns. The learning 
parameter estimates were .09 for Group 1 
and .15 for Group 2. The z was esti- 
mated as .25 for both groups. It is clear 
that although the theory makes no gross 
qualitative errors, there is room for 
quantitative improvement, especially in 
the case of Group 1. 

Because of the many assumptions in- 
volved in deriving the predicted perform- 
ance functions, it is difficult to tell which 
assumption or assumptions are at fault, 
or to account for the disparity in pa- 
rameter estimates between the acquisition 
and test results. Two suspect assump- 
tions of the model which are currently 
under investigation will be discussed 
briefly. 

The first suspect assumption deals with 
strategy selection, A fixed value for z, 
the probability of a cue search, was as- 
sumed in calculating the theoretical func- 
tions. But if the theoretical account of 
the differences in test-trial responding 
between Group 1 and 2 discussed earlier 
is correct, the model should be modified 
to allow for the learning of strategies and 
changes in strategies over trials. 

A second suspect assumption was the 
use of the same learning parameter for all 
training patterns. For simplicity, it was 
assumed that patterns were learned in- 
dependently and that the learning of one 
pattern would not interfere with the 
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learning or retention of an overlapping 
pattern. A direct test of this assumption 
cannot be had from the present experi- 
ment. However, a recent report by 
Friedman and Gelfand (1964) was con- 
cerned specifically with this issue. Their 
results may be interpreted as supporting 
the notion that retention of learned as- 
sociation to a compound is not affected 
by the presentation of a second compound 
with overlapping cues, but that the forma- 
tion of a new association to the second 
compound is retarded. Applying this 
result to the present experiment would 
mean assuming a lower probability of 
conditioning for an unlearned pattern as 
soon as an overlapping pattern which was 
assigned another response is learned. 
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EFFECT OF NONCONTINGENT PARTIAL REINFORCEMENT 


ON THE RESISTANCE TO EXTINCTION OF A 
RUNWAY RESPONSE* 


MILTON A. TRAPOLD ax» DAVID G. DOREN 


University of Minnesota 


An experiment was performed to determine the extent to which the 
resistance to extinction of a continuously reinforced runway response 
would be affected by (a) partial reinforcement administered by means 
of direct placements (DPs) into the goal box, (b) partial reinforce- 
ment by DPs plus concurrent interspersed continuously reinforced run- 
ning trials, and (c) the amount of locomotion required of S in the goal 
box on DP trials. The results indicated increased resistance to extinc- 
tion when Ss were required to run 8 in. on the partially reinforced DP 
trials, regardless of whether continuously reinforced running trials 
were interspersed among the DP trials or not. Under DP conditions 
designed to minimize locomotion, however, DP partial reinforcement 
had no effect on resistance to extinction either with or without the in- 
terspersed running trials. These results are discussed in terms of their 


implications for frustration theory. 


In two unpublished experiments 
(employing apparatus and procedures 
very similar to those described below) 
the writers were unable to substantiate 
a prediction derived from frustration 
theory (Amsel, 1958). In particular, 
it was found that the resistance to ex- 
tinction of a runway response that had 
been learned under continuous rein- 
forcement was not increased by interpo- 
lating between acquisition and extinc- 
tion (a) a series of partially reinforced 
direct placements (DPs) in the goal 
box, or (b) a series of partially rein- 
forced DPs among which were inter- 
spersed additional continuously rein- 
forced running trials. 

The failure of the first of these pro- 
cedures to retard extinction is not in- 
consistent with frustration theory. 
While the partially reinforced DPs 
should be sufficient to condition frus- 
tration (ry) to the goal box (and by 
generalization, to the runway), no op- 
portunity exists prior to the beginning 
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of extinction for the running response 
to become conditioned to the feedback 
stimuli, s;, of ry. The failure of the 
second procedure to result in a par- 
tial reinforcement extinction effect 
(PREE) however, is contrary to frus- 
tration theory. The interspersion of 
continuously reinforced running trials 
among the partially reinforced DP 
trials should have allowed running to 
become conditioned to s; and hence 
resulted in a PREE. 

The results obtained by the writers 
with the second of the above procedures 
seemingly contradict the results re- 
ported by Theios and Polson (1962). 
These latter investigators found that 
the interpolation between continuously 
reinforced acquisition trials and extinc- 
tion trials of a series of DP trials plus 
interspersed continuously reinforced 
running trials led to a very clear 
PREE. 

One major difference existed, how- 
ever, between the procedure of the 
Theios and Polson study and that of 
the writers. On DP trials, we used a 
procedure designed to minimize any 
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overt locomotion in the goal box, 
whereas Theios and Polson explicitly 
required their Ss to run 8 in. through 
the goal box on all DP trials. The 
experiment reported here was designed 
to replicate the above-mentioned un- 
published experiments employing the 
locomotion-minimizing DP procedure 
and to evaluate the role of locomotion 
on DP trials by the inclusion of groups 
that were required to run 8 in. on DP 
trials. 


MeEtTHOD 


Subjects—The Ss were 50 naive female 
Holzman albino rats approximately 120 days 
old at the beginning of the experiment. 

Apparatus.—The apparatus was a straight 
runway 4 in. wide, 6 in. high, 86 in. long, 
painted gray throughout, and completely cov- 
ered by a wire mesh top. The first 10 in., 
separated from the runway proper by an 
opaque guillotine door, served as the start 
box; the last 13 in., which could be closed 
off from the runway proper by a guillotine 
door, had an opaque food cup attached to the 
end wall, and served as the goal box. Run- 
ning times were measured from the opening 
of the start door to a point 78 in. down the 
runway by means of photoelectric circuitry. 

Procedure—All Ss were adapted to a 15 
gm/day food-deprivation schedule for 2 wk. 
prior to the beginning of the experiment. 
They were continued on this regimen 
throughout the experiment, the daily ration 
being given immediately after completion of 
a day’s treatment. 

All Ss were first given acquisition trials 
in the runway under continuous reinforce- 
ment (three .045-gm. pellets per trial). 
Trials were administered at the rate of six 
per day for 6 days with a within-day inter- 
trial interval that varied between 25 and 40 
min. after the first day. At the end of these 
36 trials, performance was approximately 
asymptotic. On each of these trials S was 
placed in the start box and permitted to 
orient to the start door. Two seconds later 
the door was raised. When S reached the 
food cup, the goal box retrace door was 
lowered and S was permitted to remain in 
the goal box until all pellets were consumed. 
He then returned to his home cage to await 
the next trial. 

The Ss were next divided randomly into 
five groups of 10 each and received their 
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experimental treatments on each of the fol- 
lowing 8 days. Group C continued to re- 
ceive six reinforced running trials each day 
exactly as in acquisition. Group P received 
one reinforced and three nonreinforced DP 
trials each day, with no additional running 
trials. Group P+ received the same pat- 
tern of DP trials as Group P, but also re- 
cieved each day an additional three rein- 
forced running trials interspersed among the 
DP trials. For Groups P and P+, a DP 
trial was conducted by placing S into the 
goal box with his nose directly in the food 
cup so that no overt locomotion was neces- 
sary to get the reinforcement. (This pro- 
cedure was identical to the one used in the 
unpublished studies mentioned above.) On 
reinforced DP trials, Ss were removed as 
soon as they had consumed the pellets; on 
nonreinforced trials, they were removed as 
soon as they began to turn away from the 
food cup. 

The treatments for Groups 8P and 8P+ 
were identical in all respects to those of 
Groups P and P+ except that on DP trials 
these Ss were placed into the goal box in 
such a way that they had to run 8 in. to the 
food cup. This was the procedure employed 
by Theios and Polson (1962). 

Following these treatments, all Ss were 
given extinction trials at the rate of six per 
day for 6 days. Extinction trials were con- 
ducted exactly as acquisition trials except 
that Ss never found food in the food cup, 
and were removed from the apparatus if they 
did not reach the food cup by the end of 
1 min. 


RESULTS AND Discussion 


No differences among the five groups 
were apparent during acquisition. In 
extinction, an analysis of variance of 
running time over all groups-and trials 
(in blocks of 12) yielded a significant 
trial effect, F(2, 90) = 61.11, p < .001; 
and a significant group effect, F (4, 45) 
= 294, p <.05. The interaction be- 
tween groups and trials failed to reach 
significance, F(8, 90) = 1.30, p < .10. 
Since the Groups x Trials interaction 
was not significant, individual com- 
parisons among the groups were made 
on mean running times over all 36 ex- 
tinction trials. These means for Groups 
C, P, P+, 8P, and 8P+ were, respec- 
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tively, 17.0, 14.8, 17.0, 12.1, and 102, 
with common standard error derived 
from the overall analysis of 1.04. Em- 
ploying this common standard error 
and the .05 significance level, Groups 
C, P, and P+ did not differ from one 
another. This replicates the results of 
the unpublished studies mentioned 
above. Similarly, Groups 8P and 8P+ 
did not differ from one another, but 
both were significantly more resistant 
to extinction than Groups C and P+, 
and Group 8P+ was significantly more 
resistant than Group P. In other 
words, except for the fact that the 
8P-P comparison failed to reach sig- 
nificance, the groups fell into two clus- 
ters, with those groups having to run 8 
in. on DP trials extinguishing more 
slowly than those that did not. 

Thus, it seems clear that whether 
partial reinforcement administered by 
means of DP trials in the goal box will 
increase resistance to extinction of a 
runway response depends upon whether 
S is permitted to locomote to the food 
cup on the DP trials. 

How can this fact be interpreted? 
Perhaps the most straightforward inter- 
pretation, and the one requiring the 
fewest additional theoretical assumptions 
is simply to assume that the effects of 
partial reinforcement are response spe- 
cific. That is, in order for a PREE to 
obtain, both reinforcements and nonrein- 
forcements must be administered con- 
tingently upon that response (or a highly 
similar one) whose extinction is to be 
measured. 

A similar but more elaborate inter- 
pretation would tie this observation into 
the frustration analysis. This inter- 
pretation would assume that a very im- 
portant part of the effective stimulus 
complex on a running trial is the re- 
sponse-produced stimulation of the run- 
ning response itself. In the 8-in. DP 
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conditions, since the animal has to run 
a short distance on, DP trials, some such 
stimulation would be part of the stimulus 
complex to which rysy would be condi- 
tioned. Therefore, one would expect 
more generalization of rysy to running 
trials from this kind of DP procedure 
than from the response-minimizing pro- 
cedure. If this analysis is correct, then 
the failure to obtain a PREE in the P+ 
condition would be seen as resulting from 
insufficient similarity between the DP 
stimulus situation and the running trials 
stimulus situation, rather than from a 
more fundamental breakdown of the frus- 
tration analysis. 

This interpretation of the role played 
by the short run on DP trials would also 
be consistent with the smaller (albeit not 
significant) PREE shown by the 8P as 
opposed to the 8P+ condition. The 
additional running trials interspersed 
among the DP trials in the 8P+ con- 
dition would still serve the function of 
allowing the running response to become 
conditioned to sy. Because both the run- 
ning response and ry also occur on the 
DP trials, these trials would also provide 
some opportunity for s;-running condi- 
tion to take place. These latter trials 
were also available to the 8P Ss, so it is 
not unexpected that they showed some in- 
crease in resistance to extinction, but 
since they did not have the additional 
s;-running conditioning afforded by the 
interspersed running trials, it is mot 
surprising that the increase in resistance 
to extinction was less than for the 8P+ 
condition. 
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2 experiments are reported using the Russell and Storms B-C-D verbal 
chains. In both experiments (Exp. I, N —80; Exp. II, N — 27), Ss 
learned an initial A-B list and transferred to lists containing A-C, 
A-D, and A-X pairs. The results showed that, for naive Ss, single- 
link A-C pairs were not learned faster than double-link A-D pairs, 
ie, the results did not support a chaining hypothesis. The study also 
showed that sophisticated Ss performed differently than naive Ss and 
suggested that discrepancies between the present results and those 
previously reported may be due to homogeneity vs. heterogeneity of 


the pair types used in the transfer lists. 


Russell and Storms (1955) appar- 
ently demonstrated that associative 
linkages, derived from word-associa- 
tion norms, were capable of mediating 
verbal paired-associate (PA) learning. 
In their study, Ss first learned an A-B 
list where the A terms were nonsense 
syllables and the B terms were stimulus 
words from the Minnesota revision of 
the Kent-Rosanoff norms (Russell & 
Jenkins, 1954). The Ss then learned a 
second list comprising A-D and A-X 
pairs. The D responses were primary 
word-association responses to C terms 
while the C terms were primary word- 
association responses to the B terms of 
the first list. "Thus, the D responses 
were end terms of a B-C-D associative 
chain. The X responses had no such 
associative relation to the B terms. 
The data analysis presented by Russell 
and Storms left little doubt that A-D 
pairs were learned faster than A-X 
pairs. 

McGehee and Schulz (1961), using 
homogeneous rather than mixed lists of 
pairs in the transfer task, confirmed the 
facilitation effect reported by Russell 
and Storms and interpreted their re- 

1 This research was supported, in part, by 
Research Grant MH 07095 from the Public 
Health Service, National Institutes of Health. 


2 The data for Exp. I were collected while 
the junior author was at Lafayette College. 


sults as demonstrating that "the asso- 
ciative phase of test-list acquisition is 
facilitated via the specific associative 
chains linking the stimulus -and re- 
sponse units of the respective pairs [p. 
570]." Cieutat (1962), using the Rus- 
sell and Storms materials in a group 
PA learning situation, demonstrated 
that transfer from A-B to A-C pairs 
was superior to transfer from A-B to 
A-D pairs. Again, it should be noted 
that the transfer lists of Cieutat's study 
were homogeneous rather than hetero- 
geneous as in the original Rusell and - 
Storms paper. Cieutat suggested that 
"magnitude of this facilitation is in- 
versely proportional to the number of 
implied mediating links [p. 46]." 
Many recent studies have yielded re- 
sults which have been interpreted as 
supporting a mediational effect in PA 
learning. Specifically, both Cofer and 
Yarczower (1957) and Lang and Lu- 
oto (1962) used versions of the Rus- 
sell and Storms transfer design and 
interpreted their results as evidence for 
mediated facilitation in PA learning. 
Taken in conjunction with such earlier 
studies as Bugelski and Scharlock 
(1952), there seems little reason tO 
doubt that some kind of mediational 
mechanism must bé postulated to ac 


‘count for the obtained facilitation. . 
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However, despite the interpretations of 
McGehee and Schulz, and Cieutat, the 
exact nature of such a mediational 
mechanism is open to speculation. 

The basic question motivating the 
present investigation involved the as- 
sumption that the facilitation obtained 
for A-D pairs was attributable to a 
two-link associative, chain. ^ Other 
things equal, it would seem reasonable 
to hypothesize that any facilitation ob- 
tained via such two-link associative 
chains ought to be weaker than facili- 
tation obtained when only a single-link 
associative chain is involved. If no 
difference in learning is observed for 
single- vs. double-link associative pairs, 
considerable revision of the so-called 
chaining hypothesis would be neces- 
sary. 

Two experiments, both of which used 
the Russell and Storms chains, will be 
reported. In Exp. I, two independent 
groups of Ss learned a list of A-B pairs. 
One group was transferred to a hetero- 
geneous list comprising A-C and A-X 
pairs while the other group was trans- 
ferred to a list comprising A-D and 
A-X pairs. In Exp. II, Ss learned an 
A-B list and were transferred to a 
heterogeneous list comprising A-C, 
A-D, and A-X pairs. 


EXPERIMENT I 


Method and Procedure 


The A, B, C, D, and X terms used to con- 
struct the PA lists were the same as those 
presented by Russell and Storms. After re- 
ceiving standard PA learning instructions, 
all Ss learned a first list comprising pairings 
of the A and B terms. Whereas Russell and 
Storms used the same syllable-word pairings 
for all Ss, the present study utilized 10 dif- 
ferent syllable-word pairings such that each 
of the 10 syllables was systematically paired 
with each of the 10 B words. To control 
for serial-position effects, every S received 
three different orderings of the pairs of his 
list before the first order was repeated. In 
no case did the last pair of any order coin- 
cide with the first pair of the next order. 
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The pairs were presented via a Gerbrands 
memory drum at a 3:3-sec. rate. A 6-sec. 
intertrial interval was used. Learning was 
carried to a criterion of three successive 
perfect trials. 

After a 4-min. rest, half of the Ss learned 
a list comprising five A-C and five A-X 
pairs while the other half learned a list com- 
prising five A-D and five A-X pairs. To 
facilitate the exposition, the former group 
will be designated Cond. A-CX while the 
latter group will be designated Cond. A-DX. 
The A-X pairs from the A-CX and A-DX 
conditions will be designated as A-X (C) and 
A-X(D), respectively. The syllable-word 
pairs of the second list were constructed 
such that each syllable was systematically 
paired with C and X or D and X words in 
a counterbalanced fashion. The procedure 
was the same as for the original list with 
the exception that learning was carried to 
only one perfect trial. 

Eighty male undergraduate Lafayette Col- 
lege students served as Ss. They were ran- 
domly assigned in blocks of 20 Ss such that 
2 Ss received each of the 10 syllable-word 
pairings of the original list and half of the 
Ss received an A-CX transfer list while the 
other half received an A-DX transfer list. 
Since Ss were drawn from a population of 
introductory psychology students, some had 
participated in previous PA learning studies. 
However, none had participated in a trans- 
fer design and none had learned PA lists 
comprising nonsense syllables as stimuli and 
words as responses. A record was kept of 
Ss who had prior PA learning experience. 


Results 


Original list acquisition —The mean 
numbers of trials to criterion in learn- 
ing the A-B list for Ss of the future 
A-CX and A-DX conditions were 
14.60 (SD = 5.36) and 13.90 (SD= 
4.98), respectively. Analysis showed 
no significant difference between these 
means, £(78) =.60. However, inspec- 
tion of the data seemed to indicate that 
Ss who had prior experience in PA 
learning were faster learners. As it 
turned out, in both conditions 16 Ss 
were naive with respect to PA learn- 
ing and 24 Ss had prior experience 
with PA learning. None of the fs 
comparing mean numbers of trials to 
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Naive Ss 


/ o— A-C 

P 0------0 A-X(C) 

x! »—* A-D 
X------X A-X(D) 


MEAN CORRECT RESPONSES 


BURTON H. COHEN AND DONALD A. MacNEIL 


Sophisticated Ss 


A— —3* A-D 
fpeene "X A-X(D) 


TRIALS 
Fic. 1. Mean number of correct anticipation per trial for the A-C, A-X (C), A-D, and 


A-X(D) pairs of the transfer lists of Exp. I. 


(The data are plotted separately for naive 


and sophisticated Ss and are plotted only for the first five anticipation trials.) 


criterion for naive vs. sophisticated Ss 
for either of the conditions were sig- 
nificant although the mean numbers of 
trials to criterion for sophisticated Ss 
were lower in every comparison. 

Transfer list acquisition—The mean 
numbers of trials to criterion on the 
transfer lists for the A-CX and A-DX 
conditions were 7.18 (SD — 4.21) and 
742 (SD — 243), respectively. The 
difference between these means was 
not significant, #(78) —.31. With 
regard to comparisons between and 
within conditions for naive and sophis- 
ticated Ss, none of the ?'s were signifi- 
cant except for the naive-sophisticated 
difference for Ss of the A-CX condi- 
tion. As before, means for sophisti- 
cated Ss were always lower than those 
for naive Ss. 

The major results of Exp. I are dis- 
played in Fig. 1 which shows the mean 
number of correct responses for each of 
the first five anticipation trials for the 
pair types of the A-CX and A-DX con- 
ditions. In view of the consistent dif- 
ferences between naive and sophisti- 
cated Ss, two separate plots are pre- 
sented. From inspection of Fig. 1, it is 
obvious that sophisticated Ss performed 
differently than naive Ss. For both 
naive and sophisticated Ss, a 2 (Con- 


ditions) X 2 (Pair Type) x 5 (Tri- 
als) analysis of variance was used to 
evaluate the data plotted in Fig. l. 
(Note that the first variable is based 
on independent groups of Ss while the 
remaining two variables are based on 
repeated measures on the same Ss.) 


For naive Ss, the only significant Fs | 


were Trials, F(4, 120) = 67.97, p< 
001 and Pair Type, F(1, 30) = 11.17, 
b <.005. Tests of the simple effects of 
Pair Type at each value for Trials 
showed that learning of A-C and A-D 


pairs was superior to the learning of | 


A-X pairs at every trial, It should be 
noted however, that the p values for 
these differences decreased as trials in- 
creased (Trial 1, p <.005; Trial 5, 7 
<.05, one-tailed tests). This is a re- 
flection of the fact that learning of A- 
pairs would ultimately reach the same 
asymptote as A-C and A-D pairs. 
For sophisticated Ss, the only signifi- 
cant Fs were Trials, F(4, 194) = 
94.29, p <.001; Conditions, F(1, 46) 


—446, p<.05; and Conditions X ` 
Trials interaction, F(4, 184) = 4.17, $ - 


«0l. The significant Conditions X 
Trials interaction reflects the initial 
superiority of the A-CX condition and 
the gradual convergence of both condi- 
tions by Trial 5. Analysis of simple 
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effects indicated that the A-CX condi- 
tion was superior to the A-DX condi- 
tion on Anticipation Trial 1 (5 <.001) 
and Trial 2 (p <.01). Comparisons 
between individual means showed that 
learning of A-C pairs was superior to 
learning of A-D pairs on Trial 1 (5 < 
.001) and Trial 2 (p <.01). While 
none of the differences between the 
A-X pairs of the two conditions were 
significant, learning of A-X(C) pairs 
was consistently superior to that of A- 
X(D) pairs. Lastly, comparisons 
among the individual means for the 
A-DX condition showed that none of 
the differences between A-D and A- 
X(D) means were significant. 

Two additional analyses will be sum- 
marized briefly. (a) Since overt er- 
rors may be assumed to measure inter- 
ference components in PA learning, 
tabulations were made of the number of 
intra- and interlist errors for each pair 
type for each condition. Analyses of 
both intra- and interlist errors failed 
to show any consistent relationship 
with conditions or pair type. (b) 
Rank-order correlations were computed 
between a number of measures of asso- 
ciative strength which were derived 
from the Minnesota norms and the 
number of correct anticipations in learn- 
ing the A-C and A-D pairs. No sig- 
nificant correlations were obtained. 


EXPERIMENT II 


The results for naive Ss of Exp. I in- 
dicated no significant differences in 
learning A-C and A-D pairs. Exp. II 
was undertaken to verify and extend 
these findings. 


Method and Procedure 


A single group of 27 male undergraduate 
Lafayette College students (all naive with 
respect to PA learning) learned a nine-pair 
A-B list and were transferred to a list com- 
prising three each of A-C, A-D, and A-X 
pairs (1 of the 10 original Russell and 
Storms chains—wish, want, need—was de- 
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leted). The A terms comprised a new set 
of nine CVC nonsense syllables which were 
chosen to have minimal interitem similarity. 
Every syllable began and ended with a dif- 
ferent letter and an attempt was made to use 
initial letters which were different from 
initial letters of any of the B, C, D, and X 
terms. In order to control for differential 
effects of pairing particular syllables with 
particular words, 81 different combinations 
of pairings for the original and transfer lists 
would be required to have each syllable 
paired with each B term and in turn paired 
with each C, D, and X term on the transfer 
lists. It was felt that a systematic sampling 
of these 81 combinations would be sufficient. 
Therefore, three subsets of lists were con- 
structed. The A-B pairings of any one sub- 
set comprised the systematic assignment of 
each nonsense syllable with each B term, 
thus forming nine A-B lists. The transfer 
lists for a given subset involved a system- 
atic rotation such that the same three non- 
sense syllables were always paired with C, 
D, or X terms. Over the three different 
subsets, a given group of three nonsense syl- 
lables was paired with C, D, and X terms, 
respectively. 

The Ss were randomly assigned in blocks 
of three to each of the subsets of lists. The 
pairs presented via a Lafayette memory drum 
at a 2:2-sec. rate with a 4-sec, intertrial in- 
terval, All other conditions were the same 
as for Exp. I. 


Results 


An analysis of variance showed that 
the mean numbers of trials to criterion 
in learning the A-B lists of the three 
subsets did not differ significantly, F 
(2, 24) = 1.92, 20 > p 7.10. Overall, 
the mean number of trials to criterion 
in learning the A-B lists was 20.07 
with an SD of 7.96. 

The number of correct responses for 
each pair type for each of the first five 
anticipation trials of the transfer lists 
was used as the response measure in a 
3 (Subsets) X 3 (Pair Type) x 5 
(Trials) analysis of variance. The F 
for Subtests was not significant, F(2, 
24) «' 1. Combining over all subsets, 
the mean number of trials to criterion 
was 7.22 with an SD of 3.12. Pooling 
over the subsets, Fig. 2 shows the mean 
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MEAN CORRECT 
RESPONSES 


TRIALS 


Fic. 2. Mean number of correct antici- 
pations per trial for the A-C, A-D, and A-X 


pairs of the transfer lists of Exp. II. (The 
data are plotted only for the first five antici- 
pation trials.) 


number of correct responses for each 
pair type for the first five anticipation 
trials. 

Further results of the analysis of 
variance indicated the following signifi- 
cant Fs: Trials, F(4, 96) = 53.26, p 
<.001; Pair Type, F(2, 48) = 9.32, p 
<.001; and Trials x Pair Type inter- 
action, F(8, 192) = 222, p «.05. 

Evaluation of the simple effects of 
Pair Type for each Trial number 
showed that there were significant dif- 
ferences among the pair types on the 
first three trials, Comparisons among 
individual means demonstrated that 
(a) learning of A-C and A-D pairs did 
not differ significantly at any trial num- 
ber and (b) both A-C and A-D pairs 
were learned significantly faster (p < 
01) than A-X pairs on Trials 1, 2, 
and 3. 

Analyses were also made of the overt 
errors in learning the transfer lists as 
well as the relations between the meas- 
ures of associative strength derived 
from the Minnesota norms and ease of 
learning individual pairs. As in the 
case of Exp. I, neither of these varia- 
bles showed any differential relations 
with pair-type learning. 


Discussion 


With reference to naive Ss, the results 
of Exp. I and Exp. II demonstrated 
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rather conclusively that the single-link 
A-C pairs were not learned faster than 
the double-link A-D pairs. On the other 
hand, the results for sophisticated Ss of 
Exp. I showed that (a) A-C pairs were 
learned significantly faster than A-X(C) 
pairs; (b) A-C pairs were learned sig- 
nificantly faster than A-D pairs; and 
(c) A-D pairs were not learned faster 
than A-X(D) pairs. 

In two respects, the results of the 
present experiments are at odds with 
those reported in the literature. First, 
the finding for naive Ss that the single- 
link A-C pairs were not learned more 
rapidly than A-D pairs is contrary to the 
previously mentioned results of Cieutat's 
(1962) study. The present results are 
also discrepant with the results of a study 
by Jarrett and Scheibe (1962). These 
authors had Ss learn PA lists comprising, 
either the B-C, B-D, or B-X terms of} 
the original Russell and Storms chains. 
They found that the B-C list was con- 
siderably easier to learn than the B-D list 
which in turn was easier than the B-X 
list. While the Jarrett and Scheibe study 
did not involve a direct test for transfer 
effects, they interpreted their results as 
supporting the conclusion that "First- 
order mediated pairs are learned more 
rapidly than second-order mediated pairs 
[p. 268]." 

A single methodological detail may be 
responsible for this descrepancy—viz., the 4 
use of heterogeneous vs. homogeneous 
transfer lists. Aside from the origin 
Russell and Storms study, all later studies 
which have replicated the double-link 
facilitative effect have used transfer list 
comprising either A-D or A-X paire 
The two studies (Cieutat, 1962; Jarrett 
& Scheibe, 1962) which used the C terms 
of the Russell and Storms chains also 
used homogeneous lists. Note however» 
that both experiments reported here 
utilized heterogeneous transfer lists. 

It is proposed here that the nature O 
the pair components used in transfer lists 
can have a decided effect upon the ob- 
tained results. Given a list where the 
S-R terms of all pairs are "related" in 
some common fashion, Ss can readily 
adopt a single response strategy in hat- | 
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dling all the pairs. When independent 
groups of Ss are presented with such 
homogeneous lists, relatively fine dis- 
criminations along a single conceptual 
dimension may be detected. On the other 
hand, given a list where two or more types 
of S-R relationship are involved (especi- 
ally where the relationships involve more 
than one conceptual dimension) it is sug- 
gested that Ss form a gross discrimina- 
tion between the pair types involved and 
are relatively insensitive to fine differ- 
ences within a given type of pair. 

'The second discrepancy between the 
present results and those reported in the 
literature concerns the nonsignificant dif- 
ference between learning A-D and A-X 
pairs for sophisticated Ss of Exp. I. 
While no definitive explanation for this 
discrepancy has been found, two tentative 
explanations are suggested. (a) Martin 
and Dean (1964), using heterogeneous 
transfer lists, failed to find consistent 
significant differences in learning A-D 
and A-X pairs in either of their replica- 
tions of the Russell and Storms design 
(Martin & Dean's RS conditions). Though 
Martin and Dean used naive Ss,’ this 
suggests that differences in learning A-D 
and A-X pairs may be relatively unstable. 
The nonsignificant difference for sophisti- 
cated Ss of Exp. I may be an instance 
of this instability. (b) Martin and Dean 
also demonstrated that superior learning 
of a given pair type was related to the 
degree to which Ss reported the use of 
explicit mediators and that more ex- 
plicit mediators were reported for A-D 
than for A-X pairs. This result suggests 
the possibility that sophisticated Ss, be- 
cause of their previous experience with 
PA learning, may be adept at forming 
explicit mediators for A-X pairs. The 
use of explict mediators for A-X pairs 
could attenuate differences between A-D 
and A-X pairs to the extent that no sig- 
nificant difference can be detected. Sim- 
ilarly, differences between A-C and A-X 
pairs should be reduced for sophisticated 
Ss. The difference between mean number 
of correct anticipations on the first five 
transfer trials for A-C and A-X pairs 


3 S, J. Dean, personal communication, 1964. 
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was ./l and .34 for naive and sophisti- 
cated Ss, respectively; 1(38) = 1.30, p< 
-10, one-tailed test. 

On the whole, the two experiments re- 
ported here do not support a simple chain- 
ing hypothesis. However, the fact that 
single-link A-C pairs were not learned 
significantly faster than the double-link 
A-D pairs does not mean that Ss cannot 
use the B-C-D verbal chain. Detection of 
a difference between the learning of pairs 
presumed to be mediated by a B-C link- 
age vs. pairs presumed to be mediated 
by a B-C-D linkage may require a rather 
sensitive design. The use of mixed pair 
types on the transfer lists of the experi- 
ments of this study may have masked the 
detection of differences between A-C and 
A-D pairs. 
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Temporal conditioning (time as CS, shock as UCS) of the GSR was 
demonstrated in a situation where spontaneous responding, sensitization, 
reactive inhibition, and time-estimation processes were properly con- 
trolled. The nature of “time” as an elicitive stimulus is discussed in 
terms of stimulus trace and response-produced stimulus cycle con- 
cepts both of which are considered inadequate explanations of tem- 


poral conditioning. The acquisition and the failure to extinguish the 


temporal CR pose theoretical problems. 


The purpose of the present experi- 
ment was to provide a satisfactory 
empirical demonstration of the phe- 
nomenon of temporal conditioning. 
Although little discussed in the litera- 
ture of conditioning, the phenomenon 
is generally regarded as an established 
fact, Studies are usually criticized 
when constant intertrial intervals are 
employed because of the possible “con- 
taminating" effects of temporal condi- 
tioning. Recently, Prokasy and Cham- 
bliss (1960) expressed concern for 
the extent to which eyeblink condi- 
tioning studies employ temporal con- 
ditioning control procedures without 
adequate evidence that failure to do so 
would be detrimental. They conclude 
from the results of their investigation 
that controlling for temporal condi- 
tioning effects is unnecessary. Such a 
methodological conclusion raises the 
question of the reality of the phe- 
nomenon. In reviewing the literature 
in regard to temporal conditioning 
(Lockhart, 1962) it was found that 


iThis study is based upon a thesis pre- 
sented to the Department of Psychology at 
the University of Southern California in par- 
tial fulfillment of the requirements for the 
degree of Master of Arts. The author wishes 
to express his thanks to William W. Grings 
for providing the necessary facilities and S 
and equipment funds from grants awarded 
him by the National Science Foundation and 
the United States Public Health Service. 
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the factual basis of the phenomenon 
was highly questionable. 

This “conditioning to time” (as the 
Russians call it) is perhaps one of the 
most intriguing phenomena in the Pav- 
lovian repertoire. The basic method, 
developed by one of Pavlov's early 
students (Feokritova), involves the | 
presentation of a UCS at some con- 
stant interval of time. In this situa- 
tion no external CS is presented. Yet, 
following several presentations of the 
UCS in this manner, S begins to re- 
spond increasingly near the point of 
UCS occurrence and ceases to respond 
during the intertrial interval. It is 
this feature which led Pavlov (1927) 
to remark that, “it seems pretty obvi- 
ous that time has acquired the prope 
ties of a conditioned stimulus." ? 

Unfortunately, almost all studies of 
temporal conditioning both in Amer- 
ica and Russia have not used this 
basic paradigm.’ Because Feokritova 


2 According to Skinner’s (1938) objection 
to this statement, neither time nor interva 
of time have the status of a stimulus. Time 
is a single dimension of a physical event 
much like intensity or frequency. Pavlov, 
however, referred to the “representation 
time in the nervous system,” meaning essen 
tially the effects of a stimulus over an 
through time. These effects (e.g., traces o' 
stimuli) may acquire temporal properties. 

3 For a detailed critique of the literature, 
methodology, and interpretation of tempo 
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(1912) found the phenomenon to be 
quite evanescent and easily inhibited 
by the slightest change, a new proce- 
dure was developed. This consisted 
of presenting a CS-UCS combination 
(e.g, tone and meat powder) at a 
constant interval. If the question of 
central concern is whether or not time 
has stimulus properties, then demon- 
strating such a stimulus function of 
time in this paradigm is quite complex. 
In such cases, it is most likely that 
the CR is developed first and primarily 
to the external CS and only secondarily 
modified by the temporal regularity. 
One might think of time in this case 
as being one component of a com- 
pound CS. To avoid these complica- 
tions, it is felt that the demonstration 
of "pure" temporal conditioning re- 
quires the use of the basic paradigm, 
ie, UCS only. In this study, the 
term temporal conditioning will be re- 
stricted to the conditioning of a re- 
sponse (GSR) to a time CS not con- 
founded with external stimulation. 
As far as can be determined, the 
only American study to employ the 
basic paradigm was that of Rouse (re- 
ported in Hull, 1934, 1943). Figure 
1 approximates the results. Thirty 
uncued shocks were given to college 
students at 38,5-sec. intervals. The 
shocks were then discontinued (i.e., 
extinction). GSRs, but not finger 
withdrawals,* occurred near the points 


conditioning in both the classical and operant 
settings see Lockhart (1962). 

4Recent “compound” temporal condition- 
ing studies (Grant, McFarling & Gorme- 
zano, 1960; McFarling, 1958; Prokasy & 
Chambliss, 1960; Ward & Fleer, 1961) have 
failed to show temporal conditioning of a 
skeletal response (eyeblink). Dmitriev and 
Kochigina (1959), Dykman, Gantt, and 
Whitehorn (1956), and Gantt, Gakenheimer, 
and Stunkard (1951), however, have pre- 
sented suggestive evidence of temporally con- 
ditioned paw withdrawals. These latter 
studies are all on dogs, the former on hu- 
mans. There appears to be no positive evi- 
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Fic. 1. Diagrammatic record from tem- 
poral conditioning study reported by Hull 
(1943). (Points X, Y, and Z are points of 
usual UCS onset, but without UCS occur- 
rence.) 


of usual UCS occurrence, but de- 
creased rapidly in magnitude. There 
are several reasons why these data 
cannot be considered an adequate dem- 
onstration of temporal conditioning. 

Hull reported that of the 7 of 11 Ss 
showing anything comparable to the 
pattern in Fig. 1, 1 S admitted count- 
ing the number of seconds between 
shocks. Other Ss reportedly did not 
count. Yet, there is no basis in terms 
of the GSR pattern itself to distin- 
guish between these two groups. Thus, 
the definition of temporal conditioning 
relies in S's report that he did not 
count. It is obvious that some type 
of control procedure is necessary to 
eliminate the possible influence of 
active time-estimating behavior. It 
would be a mistake to attribute the 
responding in Fig. 1 to the operation 
of time-as-stimulus unless such factors 
were eliminated. 

Hull also spoke of some responses 
occurring prior to the critical point as 
well as afterward.  (Pavlov, 1927, 
also mentioned this feature.) The la- 
tencies of the only published record 
of the Rouse data span an interval of 
10 sec. on both sides of the critical 


dence of a temporally conditioned skeletal 
response in the human. 
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point. Those familiar with GSR be- 
havior would be adverse to counting 
as a CR just any response occurring 
with a 20-sec. interval, This is espe- 
cially true in a situation where there 
is no indication of the spontaneous or 
operant level of GSR during or prior 
to conditioning. Spontaneous respond- 
ing by some estimates (Stewart, 1954) 
reaches 20%, meaning that fully one 
fifth of those responses meeting re- 
quirements of CR occur by chance. 
This methodological difficulty is im- 
portant when responses are “tied” to 
an obvious stimulus (e.g., tone, shock, 
etc.) ; but when there is no externally 
presented stimulus (as in Rouse's ex- 
tinction phase) this difficulty becomes 
paramount. Some method must be 
provided for eliminating the influence 
of spontaneous responding if condi- 
tioning is to be inferred. 

In addition, spontaneous responses 
can be “sensitized” in the context of 
noxious stimulation thus increasing 
the probability that a response will be 
observed during any interval chosen. 
Calling this increase “temporal con- 
ditioning" would be fallacious. Since 
no controls were provided in the Rouse 


study for these effects (nor in any’ 


other temporal conditioning study) it 
is difficult to interpret the results. 

It has also been reported that sub- 
sequent to a strong stimulus such as 
shock there is a period of time after 
which the degree of spontaneous re- 
sponding is diminished in a manner 
analogous to a reactive inhibition ef- 
fect. Definitions of temporal condi- 
tioning relying on a greater frequency 
of responding near a subsequent UCS 
(as in almost all studies of this phe- 
nomenon) would be confounded by 
this effect, particularly when the inter- 
val is short. 

These criticisms are not exclusive to 
the Rouse study nor are they meant 
to be exhaustive. The point to be 
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made is that the factual status of the 
phenomenon is questionable. As far 
as can be determined no temporal con- 
ditioning study has had adequate con- 
trols for separating "true" temporal 
conditioning from the effects just men- 
tioned. Instances of temporal condi- 
tioning are based on a collection of 
“positive instances” with no confirma- 
tion of the phenomenon by inferential 
statistical procedures. Results of tem- 
poral conditioning studies have not yet 
been offered which cannot be more 
adequately considered as a function of 
such well-established processes as time 
estimation, sensitization, reactive inhi- 
bition, spontaneous responding, or any 
combination of these. The study to 
be described attempted to answer these 
criticisms and to empirically demon- 
strate a stimulus function of time by 
temporally conditioning the GSR. 


METHOD 
Subjects 


Twenty-four paid undergraduate volun- 
teers attending the University of Southern 
California served as S's. 


Apparatus 


Electrotactual stimulation was employed as 
UCS. Shock was delivered to the volar sur- 
face of the right forearm through 1.5 X 1.3 
cm. silver electrodes (spaced 4 cm. from 
center to center) from a Grass Model S-5 
stimulator set for monophasic pulses at 20 
cps and 2-msec. duration. Intertrial inter- 
vals were controlled by a Gerbrands syn- 
chronous motor programmer operating a 
punched tape. The programmer activated a 
Hunter electronic timer which controlled the 
onset and duration of the UCS. The dura- 
tion of UCS was .6 sec. 

The GSR was obtained as a dc resistance 
change through 3 X8 in. silver electrodes 
bent to the contour of S's first and third 
fingers of the left hand, coated with electrode 
paste and taped firmly to the finger tips. 
Recording of the GSR-was accomplished by 
a modified Darrow-type bridge input to an 
Esterline-Angus ink-writing milliameter. 
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TABLE 1 


PERCENTAGE OF TRIALS PRESENTED UNDER 
Various INTERTRIAL INTERVALS IN 
VARIABLE INTERVAL GROUP 


pow % of Trials 
20 17.5 
30 27.5 
40 10.0 
50 27.5 
60 17.5 
Design 


Groups.—The twenty-four Ss were divided 
equally into an experimental group (E) and 
a control group (C). The E groups received 
50 presentations of the UCS at a constant 
temporal interval of 40 sec, while C re- 
ceived the same number of UCS presenta- 
tions at a variable interval averaging 40 sec. 
Table 1 presents the percentage of trials 
given at each interval. 

Adaptation trials.—The experiment proper 
began with an 8-min. adaptation series 
wherein no experimental stimulation was 
administered. This period served as a basis 
for the estimation of the spontaneous re- 
sponse level of S. The 8-min. period pro- 
vided 12 measures of responding at the "to 
be" critical interval prior to conditioning 
trials. These measures were taken from 
both E and C groups. 

Acquisition trials.—Following adaptation, 
acquisition procedures were begun. In E, 
this consisted of presenting UCS every 40 
sec. (except during test periods which are 
described below). In C, the acquisition pro- 
cedure consisted of a "partially" random 
presentation of shock at the various inter- 
vals indicated in Table 1. In all, 50 pres- 
entations of UCS were given to both groups 
during a 40-min. acquisition period. 

Acquisition test trials—Ten “test” trials 
were interspersed in the acquisition period 
in both groups. In the case of the “pure” 
temporal conditioning period employed in 
this study, a test trial consists simply of 
withholding the UCS. Thus, during acqui- 
sition there were 10 occasions in Group E 
where the interval between successive shocks 
was 80 sec. These 80-sec. periods were in- 
terspersed unevenly throughout the acquisi- 
tion phase. The actual time of occurrence 
of these test trials was, however, the same 
for both groups. Figure 2 illustrates this 
time-stimulus arrangement for both groups. 
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Notice especially that this test interval oc- 
curs at exactly the same time, for the same 
duration, and after the same number of 
shocks in both groups. This type of ar- 
rangement provides a control for the effects 
of sensitization, reactive inhibition, and their 
possible interaction. 

Extinction—Following acquisition, all 
shock presentations were discontinued for a 
period of 400 sec., ie., 10 40-sec. periods for 
both groups. Following extinction the ex- 
periment was terminated. 

Time estimation control—During the en- 
tire experimental period Ss in both groups 
listened to a loud tape-recorded musical col- 
lage ranging from “rock and roll” to “deep 
classical” music in continuously changing 
tempo. Changes in the musical selections 
were blended in such a manner as to mini- 
mize response elicitation. Both groups heard 
the same tape at exactly the same time in 
relation to the stimulus conditions, No repe- 
titions of the selections occurred in the re- 
cording and the selections lasted a variable 
amount of time ranging from 5 sec. to 1 min. 
and were purposefully varied in such a man- 
ner as to be uncorrelated with E-imposed 
shock intervals. 

In addition, Ss were busily engaged in 
reading a 4-page mimeographed "musical 
quiz" to which they were oriented prior to 
the experiment. They were instructed to 
listen carefully to the tape and answer "in 
their heads" as many of the questions as they 
could based on the music they were hearing. 
The questions were of the multiple-choice , 
variety and concerned titles, performers, 
composers, etc. The test was filled out after 
the experiment. The entire experience was 
presented to S as a study of autonomic re- 
activity during musical recognition under 
various musical conditions. 

These procedures were employed to dis- 
tract S from the true nature of the experi- 
ment, particularly in an attempt to avoid 
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Fic. 2. Arrangement of UCS presentation 
in constant and variable interval groups in 
relation to test interval. 
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Fic. 3. Mean magnitude of first, second, 
and maximal GSRs during adaptation, acqui- 
sition, and extinction periods for constant 
and variable interval groups. (Each point 
represents the mean of five trials.) 


time-estimating behavior. To test the effec- 
tiveness of this procedure a postexperimental 
questionnaire was given to S. Embedded in 
a series of questions were two of critical 
concern. One was a multiple-choice item 
asking S to select the approximate interval 
between shocks (or, to indicate that they 
could not choose). A second question asked 
S to estimate the total number of shocks re- 
ceived during the experiment. 


Procedure 


The S was brought into a soundproof room 
and seated at a table directly in front of a 
partition separating the recording and stimu- 
lus-production equipment from S’s quarters. 
Following preparation of all skin and elec- 
trode surfaces, electrodes were attached. 
The Ss were then given a copy of type- 
written general information (nature of GSR, 
interest in studying mood changes under dif- 
ferent types of music, etc.) to read at least 
twice. During this period (approximately 
10 min.) E calibrated the recording equip- 
ment and made preliminary stimulus produc- 
tion adjustments. 

The Ss were then given a copy of “shock 
work-up” instructions. When these instruc- 
tions were understood, the shock work-up 
procedure was administered. A shock in- 
tensity of 2 v. higher than the intensity se- 
lected by S as “maximal” (ie, extremely 
uncomfortable) was selected for use as the 
UCS. The musical quiz was then placed 
before S. Earphones were attached and the 
musical tape was started. At least 15 min. 
elapsed between the attachment of electrodes 
and actual recording of GSR. The S could 
not hear the operation of stimulus produc- 
tion equipment nor was there an interaction 
artifact produced by this equipment on the 
earphones or musical tape. 


TABLE 2 


Mean Apjyustep VALUES oF First, SECOND, AND MAXIMAL GSRs For 
CONSTANT AND VARIABLE INTERTRIAL INTERVAL GROUPS DURING 
ACQUISITION AND EXTINCTION 


Acquisition 


Extinction 
Constant | Variable Diff. F Constant | Variable Diff. F 
First response 42 —.12 .24) | 8.08** 12 —.14 26 19.71** 
Second response A3 —.05 78) 3.63 41 —.08 (19) 3.14 
Maximal response 322 —42 | (34) | 7.07* 27 —.8 (45) | 11.81** 


Note.—All df's = 1. 
*$ <.05. 
KD «.01. 


s: 
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RESULTS 


Responses measured.—Three dis- 
tinct measurement procedures were de- 
fined. The largest GSR occurring 
within the limits of 35.0 and 39.9 sec. 
during a test interval (following the 
“reference” UCS) was termed the first 
response. The largest GSR occurring 
within the limits of 40.0 and 44.9 sec. 
during the test interval was termed 
the second response. The maximal re- 
sponse was defined as the largest GSR 
during the interval 35.0-44.9 sec. It 
should be stressed that these were dis- 
crete responses involving at least 100 
ohms change within the stated inter- 
vals, These criteria were applied 
equally to both E and C groups during 
adaptation, acquisition, and extinction. 
Figure 3 presents the mean magnitude 
of GSR in square root of change-in- 
conductance units for each of the three 
responses during each of the three 
periods. 

Temporal conditioning.—lhe re- 
sponse magnitude during adaptation 
represents the degree of spontaneous, 
operant, or "error" responding which 
occurs at the "to be" critical interval. 
The differences between E and C 
groups during adaptation were insig- 
nificant for all three response measure- 
ments. As a control for such “error” 
effects, the mean adaptation value was 
subtracted from the mean acquisition 
value (and extinction value) for each 
S. (This within S control procedure 
also has the effect of increasing the 
precision by decreasing between-S var- 
jance.) These “adjusted” values are 
presented in Table 2 for the overall 
means of acquisition and extinction 
performance for each response defini- 
tion. 

The difference between the adjusted 
values for the constant and variable 
groups indicates the degree to which 
the constant group responds in excess 
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of sensitization (or adaptation) effects 
in the variable group. It is this differ- 
ence which reflects the degree of tem- 
poral conditioning. For both the first 
and maximal response this difference 
is quite significant during both acquisi- 
tion and extinction (as assessed by use 
of the interaction term in a mixed 
analysis of variance). The second re- 
sponse difference reached a probability 
value of less than .10 during acquisition 
and extinction. 

First and second responses com- 
pared.—Figure 4 indicates the relation- 
ship between first and second responses. 
In general, there appeared to be a 
tendency for the first response to be at 
a maximum (in terms of average fre- 
quency) when the second response was 
at a minimum and vice versa. There 
is also a tendency for the second re- 
sponse to be maximal during early ac- 
quisition trials and to decrease there- 
after, while the first response seems to 
increase with trials. Examination of 
the data indicated a tendency for the 
response to occur in one rather than in 
both intervals. 

Intersignal response measurement.— 
Previous methods of measuring the 
temporal CR usually involved the as- 
sumption that the course of temporal 
conditioning resulted in a gradual shift 
of responding toward the subsequent 
UCS with little (or at least decreased) 
responding during the intertrial inter- 
val at the final stage of development 
(Dmitriev & Kochigina, 1959). In the 
present study, each intertrial interval 
was divided into two parts (each 20 
sec.) in the experimental group and the 
frequency of all GSRs exceeding 100 
ohms was recorded. According to pre- 
vious results the number of responses 
in the second half of the interval should 
exceed that in the first half and that 
this difference should increase with 
training. Table 3 shows the mean fre- 
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TABLE 3 


MEAN FREQUENCY or GSRs OCCURRING DUR- 
ING THE First AND SECOND HALVES OF THE 
INTERTRIAL INTERVAL IN BLocks or 10 
TRIALS (CONSTANT INTERTRIAL 
INTERVAL GROUP) 


Trials First Half Second Half 
1-10 -84 1.57 
11-20 57 1.32 
21-30 73 1.37 
31-40 .69 1.48 


Overall M 4n 1.43 


quency of intersignal GSRs during ac- 
quisition in each half period between 
UCS presentations by blocks of 10 
trials. The frequency of response in 
the second half of the interval is about 
twice that in the first half. However, 
this difference remains relatively con- 
stant throughout acquisition and in- 
deed was apparent from the first trial, 

Effect of masking procedure.—No 
S in the E group estimated the correct 
intertrial interval between UCS pres- 
entations (ie, 40 sec.). One S$ se- 
lected (from the postexperimental ques- 
tionnaire) the 20-sec. interval, two Ss 
the 50-sec. interval, one S the 60-sec. 
interval, three Ss selected “most of 
these,” and five Ss selected “could not 
tell.” Similar answers were obtained 
in the C group. 

In estimating the total number of 
Shocks received (in excess of 50) the 
median estimate in the E group was 25 
and in the C group 30. Most Ss dur- 
ing the experiment gave behavioral in- 
dications of "involvement" with the 
masking procedure, eg., singing, keep- 
ing time with the rhythms, comment- 
ing on the selections or on the musical 
quiz, etc, 


Discussion 


It is felt that these data Provide a rela- 
tively clear demonstration of the phe- 
nomenon of temporal conditioning of an 


autonomic response (GSR) and provide 
a basis for inferring that time (whatever 
its representation in the nervous system 
may be) possesses stimulus function. The 
factualness and validity of the phenomenon 
were indicated by the consistently reliable 
differences between a constant intertrial 
interval group and a variable intertrial 
interval group. These differences were 
distinguishable from the effects of sensi- 
tization, reactive inhibition, and spon- 
taneous responding through the use of 
various control procedures, A complex 
task effectively distracted $ from engaging 
in active time-estimating behavior lead- 
ing to the conclusion that temporal condi- 
tioning in this study was observed on a 
relatively "unaware" basis. 

There was no indication that the elabo- 
ration of the temporally conditioned GSR 
passed through the several stages of de- 
velopment suggested in previous studies 
by Feokritova (1912) and those cited by 
Dmitriev and Kochigina (1959) in a 
recent review of the Russian temporal 
conditioning literature. The results (see 
Fig. 3) indicated that the temporal CR 
was established very quickly and was 
maintained throughout the acquisition pe- 
riod. 

The most striking feature of the re- 
Sults, however, was the failure of the 
temporal CR to extinguish, All earlier 
results indicated that the temporal CR ex- 
tinguished readily after 1 or 2 trials. 
There was no evidence of a response 
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Fic. 4. Comparison of first and second re- 
sponses during acquisition for experimental 
group. (Each point represents the mean of 
two trials.) 
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‘decrement in this study after 10 nonrein- 
forced extinction trials. This result is 
striking because there were no stimuli 
given during this period. How is such a 
fact to be regarded ? 

Usual explanations of phenomena seem- 
ingly based on temporal components (e.g., 
trace and delay conditioning) involve the 
use of the "stimulus trace" concept. Pav- 
lov (1927) employed this notion as his 
favorite explanation of temporal condi- 
tioning. In his theory, the point in the 
stimulus trace (of a prior UCS) at which 
a subsequent UCS occurs comes to func- 
tion as the CS, i.e., it is this point which 
is always contiguous with the reinforcing 
UCS. When the UCS is withheld, as on 
a test trial or during extinction, the trace 
from the immediately preceding UCS 
mediates (ie. provides the CS for) the 
observed response at the critical moment. 
But during an extended extinction pe- 
riod (as was provided in this study) 
there are no UCSs and consequently there 
cannot be UCS traces to mediate the con- 
tinued high level performance without 
decrement. Some other explanation is 
required. 

Hull (1943) thought that the cyclical 
pattern established during the acquisition 
phase might persist during extinction be- 
cause each temporal CR produces stimuli 
which could mediate the next response. 
That is, it is not the trace of the CS which 
provides the CS, but rather the trace of 
response-produced stimulation. As at- 
tractive as this notion might seem it is a 
weak one. First, there is yet to be an 
unambiguous demonstration of a response- 
produced stimulus property for an au- 
tonomic response. Second, even if this 


were the case, it would be difficult to. 


hold such a position because of the con- 
tinual spontaneous responding occurring 
between temporal CRs during both ac- 
quisition and extinction. These responses 
too would presumably possess stimulus 
properties. In order for spontaneous re- 
sponse-produced stimulation not to dis- 
rupt temporal response-produced stimula- 
tion would require a mechanism which 
could discriminate the stimulus properties 
of a temporal response from a spontane- 
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ous response. Without more evidence 
than is presently available, such a mecha- 
nism remains merely hypothetical. For 
these reasons, it is not felt that simple 
stimulus trace concepts nor response-pro- 
duced stimulus cycle notions are adequate 
to explain the results of the present ex- 
periment. Yet, without these notions one 
is, in modern-day psychology, conceptu- 
ally handicapped. The results of the 
present study, then, are felt to pose a 
rather intriguing theoretical puzzle. 
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DIMINUTION AND RECOVERY OF THE UCR IN DELAYED 


AND TRACE CLASSICAL GSR CONDITIONING 


RONALD BAXTER? 
University of Florida 


Since previous research had shown that the CS appears to play the 
crucial role in UCR decrement, a study was done in which the effects 
of CS duration on this diminution phenomenon could be evaluated. 4 
groups of 16 Ss received 16 paired or unpaired tone-shock presentations 
with either a short or a long CS followed by 4 UCS-only test trials. 
The dependent variable was the GSR measured within 4 sec. following 
stimulus onset. The results showed a significantly greater degree of 
UCR decrement during acquisition for the Ss in the paired groups. 
Also Ss in the paired groups differed significantly (in favor of the 
delayed CS) in amount of UCR recovery as a function of CS duration 
during acquisition. It was concluded that a conditioned inhibitory 
process under the control of the CS was one of the factors responsible 
for UCR decrement in classical conditioning. 


Investigators in the area of classical 
conditioning have become increasingly 
interested in the influence of inhibitory 
factors in the conditioning process. 
Most recently such inhibitory effects 
have been observed in eyelid and GSR 
conditioning studies in the form of 
decrements in the strength of the UCR 
during acquisition (Kimble & Ost, 
1961; Kimmel & Pennypacker, 1962). 
It has been conventional to interpret 
this phenomenon as due to habituation, 
but these recent studies have helped to 
establish the fact that habituation alone 
as an interpretation of UCR diminu- 
tion is inadequate. Rather, it has been 
suggested that a conditioned inhibitory 
process under the control of the CS is 
one of the factors responsible for the 
UCR diminution phenomenon. 

The purpose of the present study 
was to evaluate empirically the follow- 


1 This study is based on a dissertation sub- 
mitted to the University of Florida in partial 
fulfillment of the requirements of the PhD 
degree. The author wishes to express ap- 
preciation to his dissertation chairman, H. D. 
Kimmel. n 

2 Now at the Home for Crippled Children, 
Pittsburgh, Pennsylvania. 


ing hypotheses: (a) That the strength 
of an active inhibitory process under 
the control of the CS should depend 
upon whether or not the CS is present 
throughout the entire CS-UCS interval. 
That is, more inhibition should be gen- 
erated in a delayed conditioning para- 
digm (in which the entire CS-UCS in- 
terval is filled with the CS) than in a 
trace paradigm (in which the CS ter- 
minates before the UCS begins). In 
other words, differences in CS dura-' 
tion (ie, delayed vs. trace) should 
produce differential diminution of the 
UCR, in favor of delayed, in classical 
GSR conditioning. (b) That amount 
of UCR recovery on UCS-only test 
trials would vary, in favor of delayed, 
as a function of the CS duration which 
obtained during acquisition in classical 
GSR conditioning. 


METHOD 


Subjects—Sixty-four undergraduate stu- 
dents at the University of Florida volun- 
teered to serve as Ss. They were assigned 
randomly to four groups of 16 Ss each. 

Instructions.—A]l instructions were read 
to Ss by E. They informed Ss about the 
general nature of the experiment and the 
GSR. It was indicated that this was an ex- 
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periment on the effects of different stimuli 
on the GSR and each S was told to pay 
close attention to the stimuli and to refrain 
from making any movements other than 
those minimally necessary to remain com- 
fortable. 

Apparatus.—The equipment for measuring 
the GSR and for producing and delivering 
the CS and UCS has been described previ- 
ously (Kimmel & Pennypacker, 1962). The 
CS was a 1,000-cps tone of either 1.0- or 5.0- 
sec. duration. Its intensity was 40 db. (re: 
0002 dynes/cm rated at the earphones). 
The CS-UCS interval was 5.0 sec. on paired 
CS-UCS trials only. On unpaired CS-UCS 
trials the UCS occurred 30-60 sec. following 
the CS’s onset, unsystematically varied by E. 
For all Ss the intertrial (a trial consisting 
of one CS and one UCS) interval was 30-60 
sec, The UCS was an electric shock of .1- 
sec. duration delivered via silver-coated elec- 
trodes to the index and middle finger of S’s 
right hand. Its intensity (open circuit) was 
120 v. All time intervals and stimulus dura- 
tions were controlled electronically. 

Procedure.—The S was seated in a reclin- 
ing chair in a sound-insulated, air-condi- 
tioned room illuminated by a 7.5-w. semi- 
shielded bulb. When the GSR and UCS 
electrodes had been attached E closed the 
door to the experimental room and returned 
to the adjoining room which housed the 
equipment. Five minutes were allowed to 
elapse for E to adjust and calibrate the ap- 
paratus and for S to adapt to the experi- 
mental room. Then S received three pre- 

. liminary trials of the UCS alone. On these 
trials the UCS intensity was increased in 
steps until on the third trial the UCS in- 
tensity to be used thereafter was reached. 
Following these three shock trials the CS 
was delivered alone for 10 trials or for as 
many trials as were necessary to produce 
two consecutive zero responses, whichever 
came first, No fewer than four CS-only 
trials were given to any S. 

Each S was then given 16 acquisition trials 
of paired or unpaired CS-UCS presentations 
according to the condition to which he had 
been assigned. Following these 16 acquisi- 
tion trials each S then received four test 
trials on the UCS alone with the same in- 
tertrial interval as during training. The 
preliminary CS-only series for the trace 
groups was carried out with the 1.0-sec. 
tone and for the delayed groups with the 
5.0-sec. tone. For the 16 acquisition trials 
in the delayed-paired and the trace-paired 
conditions the UCS occurred 5.0 sec. follow- 


RONALD BAXTER 


ing the CS's onset (CS-UCS interval). In 
the unpaired conditions the UCS followed 
the CS's onset by 30-60 sec. Thus, Ss in 
the two control conditions received the same 
number of stimulus presentations as did their 
experimental counterparts in the same over- 
all period of time. The only difference was 
that in the former group there were no 
paired CS-UCS presentations while in the 
latter there were. When the four test trials 
of UCS-only were completed, each S was 
thanked for his participation, asked not to 
discuss the experiment with others, and then 
dismissed. 


RESULTS 


The square root of the change in 
conductance provides a GSR unit which 
is appropriately distributed and has 
sufficient reliability for statistical anal- 
yses (Kimmel, 1959). This GSR unit 
was the dependent variable and was 
measured within 4 sec. following the 
onset of the CS or the UCS. To eval- 
uate the hypothesis regarding the UCR- 
decrement it was ‘necessary first to 
provide support for the presupposition 
that conditioning had occurred. Groups 
receiving unpaired CS-UCS presenta- 
tions provide adequate controls for a 
test of the conditioning assumption 
(Kimmel, 1964). The dependent var- 
iable used to examine this question was 
the GSR magnitude in response to the 
CS of all Ss on each of the 16 ac- 
quisition trials for the experimental 
(paired) and control (unpaired) 
groups, ignoring the CS duration vari- 
able. The overall difference between the 
two groups during acquisition was 
highly significant, F (1,60) = 50.05, 
MS, = 5.83. The effect of Trials was 
also significant, F (15,900) = 2.45, 
MS, = .38. Interactions of CS-Dura- 
tion X Pairing and Trials x Pairing 
were also significant, F (1,60) = 5.26, 
MS. = 5.83 and F (15,900) = 4.00, 
MS. = .38, respectively. Thus it can 
be seen that Pairing was associated 
with greater CR magnitudes during 
acquisition (and that this effect was 
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The dependent variable used to eval- 
uate the diminution phenomenon was 
the magnitude of the GSR to the UCS 
on each of the 16 acquisition trials. 
Figures 1 and 2 show the average 
values of these measures on each acqui- 
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sition trial for the two paired and the 
two unpaired groups. 

It can be seen in Fig. 1 and 2 that 
while all four groups showed some re- 
duction in average UCR magnitude 
during acquisition, the paired groups' 
UCRs dropped well below the level 
reached by the UCRs of the unpaired 
groups. The figures also show that of 
the two paired groups the UCRs of the 
delayed CS group were lower than 
those of the trace CS group while in 
the unpaired groups this difference was 
reversed. 

An analysis of variance of the ac- 
quisition UCRs showed that the overall 
difference in UCR magnitude during 
acquisition between the combined ex- 
perimental and control groups was sig- 
nificant, F (1,60) = 5.90, MS, = 13.94. 
Differences due to trials were signifi- 
cant, F (15,900) = 16.88, MS, = .32, 
since there was diminution of the UCR 
over trials in all four groups, and the 
Trials X Pairing interaction was also 
significant, F (15,900) = 297, MS, = 
.32, the latter effect reflecting the fact 
that the UCR magnitudes in the ex- 
perimental and the control groups di- 
minished at different rates over trials. 
This also is in conformity with earlier 
results and with the present predic- 
tions. The triple interaction (Trials x 


TABLE 1 


Means AND SDs or UCR MAGNITUDE 
AND DIFFERENCE MEASURES 


Last Four UCR- 
Condition ^ | Acquisition | 1 5. | Increment 
Trials | Trials ceu 
Trace-Paired 
A 2.42 2.81 39 
SD 112 :99 ‘67 
ae aera) 
4p a 2.78 12 
‘Trgee-Unpaired s De ta 
2.86 3.05 19 
SD 1.07 1.19 26 
Delayed-Unpaired 
b. 3.21 3.43 422 
SD 1.25 1.11 39 


CS-Duration X Pairing) was also sig- 
nificant, F (15,900) = 2.59, MS. = 
32, inasmuch as the Trials x Pairing 
interaction was different in the delayed 
and the trace conditions. In other 
words, there was differential diminu- 
tion of the UCR over trials between the 
paired and unpaired groups, but this 
effect was not as great in the trace as 
in the delayed conditions. This, of 
course, also supports the first experi- 
mental hypothesis. 

It was also expected that UCR test- 
trial magnitudes in the conditioning 
groups would show greater recovery 
than the UCR test-trial magnitudes in 
the control groups and that a greater 
degree of UCR recovery on test trials 
in the delayed-paired group than in the 
trace-paired group would occur, but 
that there would be no analogous dif- 
ference in a comparison of the delayed 
and trace unpaired subgroups. The 
first expectation was evaluated by com- 
puting the average UCR magnitude on 
the four test trials for each S and sub- 
tracting from this value each S’s aver- 
age UCR magnitude on the last four 
acquisition trials. The values thus 
obtained represented UCR-increment 
measures. These measures are shown 
in Table 1. An analysis of variance 
of these increment measures between 
paired and unpaired groups was highly 
significant, F (1,60) 2870, MS. = 
.23, indicating that Ss in the paired con- 
ditions showed a significantly greater 
degree of UCR recovery on the test 
trials than did those in the unpaired 
conditions. 
between the UCR-increment measures 
of Ss in the delayed-paired and the 
trace-paired groups was significant, t 
(30) — 1.94, indicating that more UCR 
recovery occurred with the delayed CS 
than with the trace CS. A t test of the 
difference between the UCR-increment 
measures of Ss in the delayed-unpaired 


A t test of the difference 
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and the trace-unpaired groups was not 
significant, ¢ (30) = .30. 


Discussion 


In classical conditioning the CS be- 
comes a cue for or a producer of fear 
since it has been associated regularly 
with the delivery of a noxious stimulus 
such as electric shock. But, since the 
noxious UCS occurs in spite of the CR, 
this emotional reaction is inefficient and 
S learns to inhibit it (Kimmel, 1963). 
Such inhibition occurs throughout the 
conditioning process and is reflected in 
CR attenuation, but it is in the later stages 
of learning where CR inhibition is great- 
est that UCR decrement also is observed. 

Based on this reasoning it was ex- 
pected that a delayed paradigm would re- 
sult in more inhibition (UCR diminu- 
tion) than a trace paradigm in that the 
CS is present longer in the delayed con- 
dition and inhibition should be greater in 
the presence of the actual inhibitor than 
in the presence of traces of it. 

A fear-learning study by Mowrer and 
Aiken (1954) is relevant to the fact that 
there were significantly greater CR mag- 
nitudes during acquisition in the delayed- 
paired than in the trace-paired group. 
That fear learning occurred to a lesser 
degree in the latter group fits in with the 
finding that less UCR diminution also 
was shown by Ss in the trace-paired con- 
dition. This finding further substantiates 
the argument of previous investigators 
that the decrement or inhibitory effect 
occurs in much the same way as the ex- 
citatory conditioning process. 

The expectation concerning differential 
diminution of the UCR in the delayed and 
trace conditions was borne out on two 
counts. First, the analysis of variance, 
which showed a significant difference in 
rate of UCR diminution between the 
paired and the unpaired groups, also in- 
dicated that this effect was more pro- 
nounced in the delayed-paired than in the 
trace-paired group. Since the only dif- 
ferences between these groups during 
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acquisition were the CS durations and 
CS-UCS pairing, it can again be seen that 
the decrement phenomenon is a concomi- 
tant of the condition process and also, 
more specifically, that it is dependent 
upon the presence of the previously paired 
CS. Further support for a conditioned 
inhibition interpretation of UCR decre- 
ment is gained by looking at the data on 
UCR recovery which occurred on test 
trials of UCS presentations only. The dif- 
ference in amount of recovery between the 
paired and unpaired groups was highly 
significant in favor of the former. Fur- 
thermore, the most crucial test of whether 
or not UCR decrement was due to inhibi- 
tion under the control of the CS was a 
comparison of the trace-paired and the 
delayed-paired groups on the UCS-only 
test trials, That this difference was sig- 
nificant provides support for the conclu- 
sion that difference in CS duration dur- 
ing acquisition produced more diminution 
(or more inhibition) in the delayed- 
paired than in the trace-paired group. 
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MAGNITUDE OF GRAVITOINERTIAL FORCE, AN 


INDEPENDENT VARIABLE IN EGOCENTRIC 
VISUAL LOCALIZATION OF 
THE HORIZONTAL* 


EARL F. MILLER, II ann ASHTON GRAYBIEL 
Research Department, United States Naval Aviation Medical Center 


The direction of gravitoinertial force (GIF), ie. the resultant of the 
gravitational and induced centripetal force vectors, was held constant 
while the magnitude of force was varied from 1.0 to 2.0 G to determine 
its effect upon egocentric visual localization (EVL) of the horizontal. 
8 normal and 2 labyrinthine-defective (L-D) men served as Ss. The 
EVL of the horizontal was found to deviate from the gravitoinertial 
horizontal as a function of magnitude of the GIF. This magnitude 
effect tended to increase with the amount of body tilt from its align- 
ment with the resultant force. The increase of GIF in the case of the 
L-D Ss resulted generally in an apparent rotation of the physical hori- 
zontal in a direction of the E then A phenomenon in contrast to the 
normal Ss who manifested ever increasing amounts of the E phenome- 
non only. Based upon these findings and the assumption that Ss dif- 
fered under the experimental conditions primarily in otolithic function, 
the possible roles of otolithic and nonotolithic gravireceptor cues in 
visual localization in the absence of empirical visual cues are discussed. 


Numerous studies in visual orienta- 
tion have been conducted in which the 
direction of force acting upon S has 
been considered more or less as the 
primary variable (Aubert, 1861; 
Fischer, 1927, 1930; Graybiel & Clark, 
1962a; Miller, Fregly, Van den Brink, 


1 Opinions or conclusions contained in this 
report are those of the authors and do not 
necessarily reflect the views or endorsement 
of the Navy Department. This research was 
carried out under the sponsorship of the Of- 
fice of Life Programs, National Aeronautics 
and Space Administration, Order No. R-47. 
It is a pleasure to recognize Edward Ricks, 
Jr, James Cloud, and the members of the 
Pensacola Naval Air Station Overhaul and 
Repair Department for their invaluable con- 
tributions in developing the form-fitting ap- 
pliance used in this study. Our gratitude is 
expressed to the medical students and deaf 
Ss who cooperated so fully under sometimes 
very difficult experimental conditions. Spe- 
cial thanks are deserved by Richard E, Good- 
stein and Ralph B. Hanahan who as assist- 
ant Os performed outstandingly throughout 
the considerable number of hours of testing 
on board the rotating centrifuge. 


& Graybiel, 1965; Miller & Graybiel, 
1963a, in press; Mulder, 1888; 
Müller, 1916; Nagel, 1898; Passey, 
1950; Witkin, 1950). These studies 
include those in which S was simply 
tilted with respect to gravity or the 
direction of apparent "vertical" was 
changed with the addition of centripetal 
acceleration. Coordinate systems of 
reference for orientation can be estab- 
lished in which the vertical axis rep- 
resents the gravitational force vector 
or if other inertial forces are present, 
the resultant force vector. It is con- 
venient to define these directions of 
force as the gravitational and gravito- 
inertial verticals, and a line at right 
angles would be termed, respectively, 
the gravitational horizontal and gravito- 
inertial horizontal. In reporting the 
present experiment, for reasons of 
economy the "upright" will be used for 
both the gravitational and gravito- 
inertial vertical. 

As is well known, the ability to local- 
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ize visually these references axes with- 
out empirical visual cues, egocentric 
visual localization (EVL), is depen- 
dent upon the position of S relative to 
vertical. When upright, the estimates 
of horizontality (or verticality) by a 
normal individual are usually quite 
precise, but this accuracy will diminish 
markedly when he is tilted leftward 
or rightward 90°. This perceptual 
change with posture was first reported 
by Aubert (1861) who observed that 
his vertical reference target inclined 
obliquely in a direction opposite that 
of his head or body tilt—the Aubert or, 
after Miiller (1916), the A phenome- 
non. Miiller in using smaller angles 
of tilt than Aubert sometimes observed 
a coinclination of target and S which 
he termed the E phenomenon. In 
effect, the A phenomenon reveals an 
underestimation and the E phenomenon 
an overestimation of the angle of tilt. 
A recent systematic quantitative study 
of these two phenomena within + 90* 
of tilt from gravitational vertical has 
revealed that an orderly, predictable 
relationship exists between the relative 
body position and egocentric visual 
localization (Miller et al., 1965). 
Graybiel and colleagues (Clark & 
Graybiel, 1963; Graybiel, 1952, 1956; 
Graybiel & Brown, 1951; Graybiel & 
Clark, 1962a, 1962b) in a series of 
studies have explored the effects on 
visual orientation of changing the di- 
rection of force by centrifugation. 
When seated physically upright at 
some distance from the axis of a centri- 
fuge or carousel device, as first de- 
scribed by Purkinje (1820) and later 
by Mach (1875), a person will ex- 
perience upon rotation a sensation of 
tilting. For example, if the upright 
O faces in the direction of rotation with 
the axis of rotation to his left, he will 
feel tilted towards the right (clock- 
wise). The amount of apparent tilt 
he experiences will normally be in ac- 
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cord with the angle (¢) existing be- 
tween gravitational vertical and the 
direction of the resultant of the centrip- 
etal and gravitational forces. In ad- 
dition to this sensation of a postural 
change a clockwise displacement of ob- 
jects will usually, but not always, ap- 
pear in the visual field. The visual 
component of this phenomenon has 
been termed the oculogravic illusion 
(Graybiel, 1952). If the visual envi- 
ronment is structureless the angle of 
displacement is expected to be in close 
correspondence with angle g. Failure 
to find significant angular displacement 
of a line target has been used as an 
indication of impairment of otolith 
function (Graybiel, 1956) as found in 
certain labyrinthine-defective (L-D) 
individuals (Graybiel & Clark, 1962b). 
Differences between normal and L-D 
Ss are found not only in the dynamic 
situation but also under static tilt con- 
ditions (Miller & Graybiel, 1962, in 
press). These studies introduced evi- 
dence which has been extended in the 
present study of the differential roles 
played by otolithic and nonotolithic 
cues in visual location. 

Schubert and Kolder (1962) also 
explored the contribution of otolithic 
and somesthetic systems to visual 
spatial orientation by placing an S at 
either the gravitational or gravito- 
jnertial vertical and requesting him to 
tilt, in approximately 10° steps, his 
head toward the gravitoinertial vertical 
or gravitational vertical, respectively. 
The experiments which have relevance 
to ours were carried out in a lighted 
test enclosure covered with a layer of 
unbleached opaque paper. They found 
that, when S was in the gravitational 
vertical, accuracy in localization im- 
proved as his head was tilted toward 
the direction of resultant force; on the 
other hand, no improvement in settings 
with head tilt from the gravitational 
vertical was recorded until the head 
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reached a position about 10° from the 
gravitoinertial vertical, They assumed 
from these results that otolithic infor- 
mation resulting in improvement under 
the first experimental condition was 
suppressed in the second by somesthetic 
receptor cues. The authors ruled out 
the A phenomenon as a factor in their 
experiments because all were done 
under ordinary room illumination. Al- 
though these studies provided a rich 
background of information, none dealt 
with the magnitude of gravitoinertial 
force as an independent variable in 
visual space perception which is the 
main purpose of the investigation now 
to be reported. By comparing the 
findings on normal and L-D Ss the 
role of the nonotolithic gravireceptors 
and combined  otolithic/nonotolithic 
gravireceptors could be compared. 


METHOD 


Subjects —Eight volunteer medical corps 
officers serving their Ensign clerkship train- 
ing at Pensacola in 1962 constituted the nor- 
mal group of Ss. All were healthy, and care- 
ful medical examination revealed no defect, 
disease, or disorder. In addition, each mani- 
fested normal semicircular canal response to 
thermal stimulation (McLeod & Meek, 1962) 
and normal otolith function as measured by 
the counterrolling test (Miller, 1961; Miller 
& Graybiel, 1963b). Two deaf Ss with no 
nystagmic response to thermal stimulation of 
the canals with ice water, and greatly re- 
duced counterrolling response, also served 
as' Ss. 

Abparatus—A specially constructed tilt 
chair was mounted on the Pensacola human 
centrifuge, 15 ft. 10 in. from the center of 
rotation and housed in a light-tight metal 
enclosure. The chair by means of hydraulic 
power could be tilted leftward or rightward 
up to 90°. A hollow flexible rubber appli- 
ance fashioned like an armless “parka” coat 
to embrace the torso, neck, and head of S 
was developed which served as a supporting 
inner liner of the tilt chair. The appliance 
was filled with finely ground peach seeds 
which were separated by netting material 
into many small compartments. The rubber 
covering of the appliance was completely 
sealed except for an air-hose connection 


which could be attached to a vacuum pump. 
Under normal ambient air pressure the seed 
granules within the appliance could be ad- 
justed to conform closely to S’s body con- 
tours; when the air was essentially removed 
by the vacuum pump after the fitting, the 
appliance became an extremely rigid sup- 
port for S$ that distributed contact pressures 
fairly uniformly over a large area of his 
body. The head part of the appliance was 
completely encased in a large helmet which 
was rigidly mounted to the tilt device sup- 
port. An optical system which produced a 
line target of collimated light was mounted 
so that S viewed it at eye level at a distance 
of 27 in. A round knob providing no tactual 
cue of position was used by S to rotate the 
target clockwise or counterclockwise about 
its center. The E had a similar control of 
the target position and the switch by which 
it could be illuminated. The angular posi- 
tion of the target and tilt chair was relayed 
independently by means of selsyn repeater 
motors to two dial readouts (smallest scale 
division —1*) located at the control console 
near the center of the centrifuge. The right 
and left positions of tilt (+10, +20, +30, +40 
degrees) for the different gravitoinertial ver- 
ticals were calculated by subtracting and add- 
ing, respectively, the value of the angle ¢. 
Voice and buzzer (used as a vibrator against 
the fingers of the deaf Ss) communication 
systems between S and E were provided. A 
system for open-voice communication with 
assistants and personnel operating the centri- 
fuge was also available. 

Procedure.—The S seated in the tilt chair 
was fitted with the appliance and, after the 
air was evacuated, S and appliance as a unit 
were tightly fastened to the chair with 
straps. The chair was then elevated until 
the target was at eye level. This ensured 
that the effective radius at the center of the 
head was about the same for all Ss. For 
each S, however, a gradient of force was 
applied along his longitudinal body axis 
whenever he was tilted from gravitational 
vertical. For any given rate of rotation, S 
facing the direction of rotation experienced 
a G gradient in the cephalocaudal direction 
which was of decreasing magnitude for left- 
ward tilt and of increasing for rightward tilt 
from gravitational upright. 

The procedure required S in darkness and 
therefore without any empirical visual cues 
to make 10 settings of the luminous target 
at nine different positions of tilt under six 
different levels of force (1.0, 12, 14, 1.6, 
18, 20 G). Prior to each setting E offset 
the unilluminated target between 10? and 
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40° from the horizontal either clockwise or 
counterclockwise in random fashion. Then 
against the completely dark background the 
target was illuminated, serving as a signal 
to S who rotated the target to what he con- 
sidered to be the horizontal and signaled E 
to record the setting. The target light was 
then switched off and the next trial was be- 
gun; 10 trials constituted a series. 

The S was exposed to the six different lev- 
els of force in random order, and the differ- 
ent degrees of tilt at each level also were ran- 
domized, The tilt chair was always moved 
slowly (~1°/sec) and, except under static 
conditions, concurrently with the increase in 
centripetal force to the desired level. Set- 
tings of the luminous target were not begun 
until at least 60 sec. had elapsed after tilting 
the chair and final velocity of the centrifuge 
had been reached. Due to the large num- 
ber (540) of settings required and the time 
involved in the slow mechanical adjustments 
of S, it was impossible to complete the test 
in less than four to five sessions. For the 
sake of efficiency and comfort of S, no ses- 
sion lasted longer than 2 hr. and was usually 
1-13 hr. duration. 


RESULTS 


The data on the normal Ss are 
presented in Fig. 1 which shows the 
relationship between, on the X axis, 
body tilt from its alignment with the 
resultant force (gravitoinertial up- 
right) and, on the Y axis, the clock- 
wise (+) or counterclockwise (—) 
displacement of the apparent horizontal 
position of the line target from its 
position perpendicular to the resultant 
force, the gravitoinertial horizontal. 
The effect of magnitude of force, per se, 
is revealed in Fig. 1 in the relative 
location of the curves representing the 
various G levels used. Under ordinary 
gravitational conditions the mean of 
the normal Ss’ estimates (coded in 
Fig. 1 and 2 according to the G level) 
of the location of the horizontal, when 
they were upright, was slightly (+0.8°) 
clockwise from its actual position. The 
mean estimate at 10° and 20° leftward 
(—) and that at 10°, 20°, and 30° 
rightward (+) tilt were within 1.6° 
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of their estimate when upright, but, at 
greater degrees of tilt, the E phenom- 
enon was clearly manifested. It is note- 
worthy that the shape of the curve 
depicting the estimates at 1.0 G differs 
most characteristically from the other 
curves in that the middle portion is 
nearly flat. 

When Ss were exposed to increasing 
levels of inertial force while positioned 
at the gravitoinertial upright, all of the 
estimates deviated counterclockwise 
from the gravitoinertial horizontal, but 
there were some exceptions to an 
orderly shift with increasing levels of 
force. With increasing degrees of 
leftward or rightward tilt not only did 
the deviations from the 1.0 G upright 
value become increasingly greater but 
they also increased with increasing 
levels of force. Thus, despite ir- 
regularities and right-left differences, 
there is a clear tendency toward in- 
creasing deviations in the E direction 
with increasing magnitude of force, the 
most significant occurring between 
1.0 and 1.2 G. 

The findings on Ss with labyrinthine 
defects are summarized in Fig. 2 using 
the same coordinate axes as in Fig. 1. 
Under normal gravitational conditions 
Ss mean estimate of the horizontal 
when upright was nearly 13° clockwise 
from the gravitational horizontal. With 
increasing degrees of leftward tilt the 
estimates deviated from this value first 
in a counterclockwise then in a clock- 
wise direction. With increasing right- 
ward tilt the mean estimates deviated 
from the upright value in a counter- 
clockwise direction over a relatively 
narrow range (+13 to +3 degrees). 
The curve representing these values 
shows no similarity to the comparable 
curve in Fig. 1 for the normal Ss. 

With increasing levels of force while 
the L-D Ss were at the gravitoinertial 
upright their estimates of horizontality 
deviated in a counterclockwise direction 
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APPARENT INCLINATION OF THE GRAVITOINERTIAL HORIZONTAL 
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BODY TILT FROM GRAVITOINERTIAL UPRIGHT 


Fic. 1. Apparent displacement of the gravitoinertial horizontal, reference coordinate per- 
pendicular to the resultant force, as a function of the magnitude of the resultant force acting 
in various directions with respect to the longitudinal body axis. (Normal Ss.) 


from the upright value and tended to 
become more accurate with reference 
to the gravitoinertial horizontal until 
the 2.0 G level was reached. This shift 
in location of the visual horizontal was 
associated with a progressive change 
in the shapes of the curves depicting the 


estimates with leftward and rightward 
tilt. Thus, the curve representing the 
findings at 2.0 G shows that, with left- 
ward tilt, Ss' estimates deviated clock- 
wise from the gravitoinertial upright 
value at first slightly then strongly; 
with rightward tilt the deviations were 
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first clockwise then counterclockwise. DISCUSSION 
The patterns between 10 and 20 G The estimates (EVL) of the horizontal 
levels were, roughly, transitional. for the normal Ss under ordinary gravita- 
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tional conditions are in line with previous 
observations using similar but not identi- 
cal methods (Miller et al., 1965). The 
principal characteristic was good accuracy 
of these estimates with reference to the 
gravitational horizontal for the upright 
and small angles of tilt. With greater 
tilt (30-40?) there was an increasing 
tendency to exhibit the E phenomenon. 
Beyond 40? tilt, conditions not explored 
in this experiment, the tendency to exhibit 
the E phenomenon falls off around 659— 
70? of tilt, beyond which there is an in- 
creasing tendency toward exhibiting the 
A phenomenon. Differences between left- 
ward and rightward tilting and "irregu- 
larities" are the rule. Some of the right- 
left differences appear to be due to inac- 
curate centering of the body or of the 
otolith organs. Asymmetry in vestibular 
responses has been found under different 
circumstances (Miller et al., 1965; Miller 
& Graybiel, 1963b), and this curious phe- 
nomenon is now being explored. Some of 
the “irregularities” in response are the 
manifestation of unknown differences be- 
tween series of trials under identical en- 
vironmental conditions. The significance 
of the changing relation between vertical 
and lateral components of gravitational 
force while S is tilting has been touched 
upon elsewhere (Woellner & Graybiel, 
1959), 

Increasing the magnitude of force in 
the normal Ss tended to: (a) shift the 
estimates of the horizontal in a counter- 
clockwise direction when they were at 
the gravitoinertial upright, (b) increase 
the tendency toward exhibiting the E 
phenomenon, and (c) exaggerate right- 
left differences. The "shift? could be ex- 
plained if Ss were physically tilted slightly 
leftward with respect to the force upright. 
Bodily asymmetry as a cause should have 
yielded more random results. 

The right-left asymmetry is evident at 
1.0 G and, if the high value for 40° right- 
ward tilt is accepted, relatively greater at 
1.0 G than at higher levels of force. Tt 
would appear, therefore, that the gradient 
of G force acting only under hypergravity 
conditions and greater for leftward than 
for rightward tilts was not an important 
factor in the right-left differences. 
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The decreased accuracy in estimating 
the horizontal with increasing degrees of 
tilt is clearly evident even when using 
Ss' estimates of the gravitoinertial hori- 
zontal as a base line. Stated differently, 
the E phenomenon increased as a function 
of increasing magnitude for a given direc- 
tion of force. The influence of magnitude 
at higher degrees of tilt to determine its 
effect on the “reversal point,” i.e., change 
from E to A tendency, was unfortunately, 
not determined. 

The findings on the two Ss with laby- 
rinthine defects are interpreted with cau- 
tion partly because of the small number of 
Ss and partly because the findings under 
ordinary gravitational conditions differed 
from other findings (Miller & Graybiel, 
in press) in that the estimates at the up- 
right were more inaccurate. The latter 
may be explained by the difference in 
methods used for restraint of Ss. In this 
experiment contact cues were exception- 
ally well distributed, simulating to a small 
degree water immersion. Nevertheless, 
the findings clearly indicate: (a) the shift 
phenomenon at the gravitoinertial up- 
right, (b) a fairly regular transition of 
Tesponse between the 1.0 and the 2.0 G 
levels, and (c) a curious tendency toward 
manifestation of both E and A phe- 
nomena. 

The shift, as in the case of the normal 
Ss, was unidirectional with reference to 
the value obtained at 1.0 G. The step- 
wise changes were orderly, with reference 
to increasing gravitoinertial force, except 
for a "reversal" of the 1.6 and 18 G 
values. The shift was in the direction of 
greater accuracy in estimating the hori- 
zontal until the 20 G level was reached 
when the counterclockwise deviation was 
nearly as great as the clockwise devia- 
tion at 1.0 G. One explanation for the 
Shift is that, with increasing gravito- 
inertial force, cues from contact with the 
chair become more reliable; the great 
deviation at 2.0 G, however, is out of line 
with this reasoning. A second explana- 
tion is the one given above for the nor- 
mal Ss, viz., imperfect alignment of chair 
to the vertical; this would readily ac- 
count for the shifting values between 1.0 
and 2.0 G. If this explanation is correct, 
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the smaller range (3.5?) of the shift in 
normal compared with L-D Ss (22.5°) 
must represent an influence of otolith 
over nonotolith inputs, an influence tend- 
ing toward greater accuracy in estimat- 
ing the EVL of the horizontal. 

The regularity in the transitions in the 
curves (Fig. 2) as a function of increas- 
ing gravitoinertial force strongly sug- 
gests that physiological factors were op- 
erating in an orderly manner in the L-D 
Ss. Great right-left differences are seen 
as a function of body tilt. The fact that 
the differences were as great at 1.0 G as 
at higher levels of force suggests that 
right-left differences in radii, with re- 
spect to the body position under centrif- 
ugation, were not the factors mainly re- 
sponsible. As mentioned above, however, 
asymmetry with respect to the vertical 
may have been an important factor. 

In an attempt to explain the directional 
variations as depicted by the curves we 
have used an L-D S's estimate of the hori- 
zontal when he was upright as the start- 
ing point and, in a slight departure from 
convention, used “reversal points" as in- 
dicating a change from A to E tendency 
or vice versa. At least it is more con- 
venient than to distinguish between an 
increasing and decreasing E or A phe- 
nomenon and is probably more realistic in 
terms of underlying mechanisms. 

With leftward tilt of the L-D Ss, ex- 
cept at 2.0 G, the E phenomenon was 
prominent at small angles and the A 
tendency strong at large angles; at 20 G 
only the A phenomenon was manifested. 
With rightward tilt the E phenomenon 
was prominent only at the 2.0 G level 
and a reversal occurred at 20° tilt. The 
A phenomenon was prominent at all levels 
of force, If the curves are interpreted 
after arbitrarily setting the “upright” at 
a point which creates the maximum right- 
left symmetry, the results could be sum- 
marized as follows: (a) At small angles 
of tilt the E phenomenon is prominent 
and at larger angles the A phenomenon; 
(b) with increasing levels of force there 
is a decrease in the E and an increase in 
the A values. 

The differences between the findings on 
the normal and L-D Ss must represent, 
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with some reservations, the influence of 
the otolith organs. The reservations in- 
clude: (a) the limited number of L-D 
Ss and observations, (b) the possibility 
that some residual otolith function might 
remain in our L-D Ss, (c) the adaptation 
of the L-D Ss in the direction of greater 
than normal use of nonotolithic gravita- 
tional cues, and (d) the extralabyrinthine 
factors which might have been involved 
(Witkin, 1949). Assuming that these 
factors were not significant, it can be 
generally concluded that, under the con- 
ditions of our experiment and within the 
+ 40° arc of tilt, visual orientation based 
upon nonotolithic cues is far less accurate 
and qualitatively different from that based 
upon both otolithic and nonotolithic gravi- 
receptor cues. Otolithic cues when pres- 
ent would appear to dominate nonotolithic 
cues in suppressing the “shift” at upright, 
nullifying the E tendency at smaller angles 
of tilt, and overbalancing in the E direc- 
tion for the strong A tendency at the 
larger angles of tilt. The dominancy of 
the otolithic E tendency over the non- 
otolithic A tendency in EVL of the hori- 
zontal would seem to be increased by in- 
creasing the magnitude of gravitoinertial 
force. 
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MEMORY SPAN AS A FUNCTION OF VARIABLE 
PRESENTATION SPEEDS AND 
STIMULUS DURATIONS?* 
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Digit-span series were presented on 3 films, 1 to each of 3 groups 


of 20 Ss. 


In Film 2, it was varied within series as well. 
variability between series was more 


between series only, but degree of 


In Film 1, presentation speed was varied between series. 


In Film 3, it was varied 


extreme than in Films 1 or 2. Stimulus duration was varied in all 3 


films. 


the slower the presentation speed, 


When stimulus durations were long, number correct was higher 
but when stimulus durations were 


short, there was a tendency for this trend to be reversed in Films 1 


and 2, though not in Film 3. 


discussed. 


Sampson (1956, 1958a, 1958b) has 
shown that performance on à paced 
serial addition task (PSAT), presented 
visually, depends on variability of pre- 
sentation speed, but only when the 
duration of presentation of each stim- 
ulus is short. When each S performed 
the task several times at different pre- 
sentation speeds, performance was 
lower for the shorter of two stimulus 
durations at each speed, but when 
each S always performed the task at 
the same presentation speed perform- 
ance remained as high for shorter as 
for longer stimulus durations. Cor- 
ballis and Sampson (1963) have re- 
ported a similar lowering of perform- 
ance on a paced-memory task (PMT) 
with short compared with long stimulus 
duration when each S performed at 
different presentation speeds. These 
findings suggest that stimulus duration 
and variability of presentation speed 
may be important variables in all serial 
tasks, including PSAT and PMT, 
which involve short-term memory. 
so, a study of these variables may 


1 The research reported in this paper was 
supported by a grant (No. 9425-10) from 
the Defence Research Board of Canada to 
Dalbir Bindra. 


Implications of these findings are 


throw some light on the conflicting 
evidence concerning the role of presen- 
tation speed in memory-span experi- 
ments (see eg. Mackworth, 1964; 
Posner, 1964). 

In the present study, series of nine 
digits were presented visually for 
varying durations and at varying 
speeds. There were two conditions in 
which presentation was varied from 
series to series but held constant within 
any one series, as in the PSAT and 
PMT experiments. In one of these 
conditions the variations were less ex- 
treme than in the other. In addition 
there was a third condition in which 
presentation speed was varied within 
series as well as between series; i.e., 
the digits. were presented at irregular 
intervals within each series. 


METHOD 
Subjects 
There were three groups of volunteer Ss 


from an introductory psychology class, each 
made up of 10 men and 10 women. 


Apparatus and M: aterials 


Nineteen series of nine digits each were 
prepared on each of three motion-picture 
films. Each film contained exactly the same 
digits in the same order, although the tem- 
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"ready" 9 digits “repeat” 
FILM 1 
FILM 2 
ES oleae Ese CS E 
Eg mendes aah kes thes a Ed 
3 
ts Me CLE Ores etr ke T A 
i 
OT X354 5.16 J5kE 9j 0 n 2 
seconds from onset 
Fic. 1. Diagrammatic representation of 


digit presentations for Film 1 (regular pres- 
entation) and Film 2 (irregular presenta- 
tion), illustrating different patterns (A, B, 
and C) of irregularity. (Horizontal bars 
represent “on” periods. In the illustration, 
presentation speed is 1.00 sec. per digit—fast 
—and stimulus duration is .25 sec.—short.) 


poral conditions of presentation differed from 
film to film. These digits were randomly se- 
lected, with the restriction that no digit could 
appear more than once in a series. Each 
series included the words “Ready” and “Re- 
peat,” respectively, before and after the digits. 
The first series of each film was a practice 
series only, and was identical for each film. 
For this series the nine digits were presented 
at a regular speed of 1.25 sec. per digit. 
Each digit was *on" .9 sec, and "off" .35 sec. 
The remaining 18 series constituted the ex- 
perimental series, and were presented as 
follows : 

Film 1 included three presentation speeds, 
1.00 (fast), 1.25 (medium), and 1.50 (slow) 
Sec. per digit. There were two stimulus 
durations at each presentation speed; each 
digit was either (a) "on" for 0.25 sec. and 
"off" for the remainder of the interdigit in- 
terval, or (b) “on” for all but 0.25 sec. of 
the interdigit interval. Stimulus durations 
Were constant within series. These stimulus 
durations are subsequently referred to as 
“short” and “long,” respectively. Within 
Series, digits were presented at regular inter- 
vals. There were three series for each of 
the six conditions, and the 18 series so 
formed were arranged in random order on 
the film. 

Film 2 was the same as Film 1 except that 
the digits were presented at irregular inter- 
vals within series, This was arranged by 
adding 0.25, 0, or —0.25 sec. to the interdigit 
intervals in Film 1 in such a way as to keep 
the average presentation speed and stimulus 
duration for each series the same as in Film 
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1. This procedure produced three basic pat- 
terns of irregularity, which are illustrated 
in Fig. 1. These three patterns were pre- 
sented under each of the six combinations 
of average presentation speed and stimulus 
duration. 

Film 3 differed from Film 1 only in that 
presentation speeds of 0.75 (extra fast) and 
1.75 (extra slow) sec. per digit were sub- 
stituted for the 1.00 and 1.50 sec. per digit 
rates, respectively. Degree of between- 
series variability of presentation speed was 
thus greater in Film 3 than in either Film 
lor Film 2. However, there was a sense 
in which the total range of variability of 
presentation speed was the same in Films 2 
and 3, since the shortest and longest intervals 
between successive digits were, respectively, 
0.75 and 1.75 Sec. in each case. 


Procedure 


The films were projected onto a day-view 
Screen directly in front of S. Each group 
of 20 Ss saw a different film. The Ss 
were instructed at the beginning of the ses- 
sion to call out as many of the digits as 
they could remember, in the order in which 
they had been presented, as soon as they 
liked after the "Repeat" signal appeared. 
The projector was stopped after each series 
to allow S time to respond. The Ss’ re- 
sponses were recorded on tape. 


Scoring 


Conrad (1959) has argued, on the basis 
of different kinds of errors made in memory 
span, that content recall and order preserva- 
tion are distinct phenomena, and should be 
studied separately. Accordingly, responses 
Were scored to yield two measures of per- 
formance: (a) Number correct —Number of 
digits correctly recalled was calculated for 
each Series. Responses were Scored correct 
if they corresponded to a digit actually pre- 
sented, with the exception that if a particu- 
lar digit was repeated in response it was 
counted only once. No account was taken 
of order of recall, (b) Tau scores—As a 
measure of order preservation, Kendall's 
(1948) tau was calculated for each series 
between the order of report of correct digits 
and the order of presentation of those same 
digits. If a particular digit was repeated 
in response in severa] different serial posi- 
tions, that serial position was chosen which 
maximized tau for the series and the others 
Were disregarded. 


STIMULUS DURATION AND MEMORY SPAN 


RESULTS 


Average number correci.—Analyses 
of variance of average number correct 
as a function of presentation speed and 
stimulus duration were carried out for 
each film. Results for Films 1 (regular 
presentation) and 2 (irregular presen- 
tation) were very similar. Both yielded 
significant interaction between presen- 
tation speed and stimulus duration, 
F(2,38) = 3.93, p < .05, for Film 1, 
and F(2,38) =4.00, p< 01, for 
Film 2. These interactions are plotted 
in Fig. 2. Neither main effect was sig- 
nificant for either film. 

The results for Film 3 were in 
marked contrast to those for Films 1 
and 2, The interaction was not sig- 
nificant but both main effects were sig- 
nificant; for presentation speed F(2, 
38) = 8.85, p < 01, and for stimulus 
duration #(38) = 2.06, one-tailed, p < 
05. The stimulus-duration effect was 
in the direction predicted by the results 
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Fic. 2. Average number of digits cor- 
rectly recalled for presentation speeds of 1.00 
(fast), 1.25 (medium), and 1.50 (slow) sec- 
per digit, and for each stimulus duration at 
each speed, shown separately for Film 1 
(regular presentation) and Film 2 (irregular 
presentation). 
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Fic. 3. Average number of digits correctly 
recalled for presentation speeds of 0.75 (extra 
fast), 1.25 (medium), and 1.75 (extra slow) 
sec. per digit, and for each stimulus duration 
at each speed. (These conditions were pre- 
sented on Film 3.) 


of the PSAT and PMT studies, i.e., 
performance was higher the longer the 
stimulus duration, justifying the ap- 
plication of a one-tailed test of sig- 
nificance. The results are plotted in 
Fig. 3. 

The higher overall average number 
correct for Film 2 compared with 
Film 1 probably relates to the op- 
portunity to group items provided by 
irregular presentation. This seems to 
have been especially true, in the second 
half of the film only, of Pattern B (see 
Table 1). Figure 1 suggests that the 
important feature of Pattern B was not 
so much that it grouped the digits (this 
was true of the other patterns as well), 
but that it grouped the digits into three 
groups of three digits each. The Ss 
may therefore have learned to use this 
grouping to recode the digits from nine 
single-digit numbers to three three- 
figure numbers. Such recoding is 
known to increase memory span 


(Miller, 1956). 
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TABLE 1 . 


AVERAGE NUMBER CORRECT ror EACHIPAT- 
TERN (A, B, AND C) OF IRREGULARITY ON 
FILM 2, AVERAGE NUMBER CORRECT FOR 

CORRESPONDING REGULAR SERIES ON 
FILM 1, AND DIFFERENCES BETWEEN 
FILMS ON THESE SCORES FOR 
Eacu Harr or EAcH FiLM 


First Half Second Half 


A B (o A B c 


Film 2 7.42 | 7.32 | 7.00 | 7.50 | 7.98 | 7.53 
Film 1 7.22 | 7.10 | 6.67 | 7.38 | 7.07 | 7.37 
Difference .20 22 33 42 91 16 


Tau scores.—Analyses of variance 
corresponding to those carried out for 
average number correct were also car- 
ried out for average tau scores. There 
were no significant trends or inter- 
actions for Films 1 and 3 (both regular 
presentation), For Film 2 (irregular 
presentation), there was a significant 
interaction between presentation speeds 
and stimulus durations, F (2,38) = 
3.54, p < .05. This interaction is shown 
in Fig. 4, which includes as well the 
corresponding values for Film 1, 


long s.d. 
ou short sd, m 
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Fic. 4. , Average value of Kendall's tau for 
presentation speeds of 1.00 (fast), 1.25 (me- 
dium), and 1.50 (slow) sec. per digit, and for 
each stimulus duration at each speed, shown 
separately for Film 1 (regular presentation) 
and Film 2 (irregular presentation). 


A test of significance indicated that 
tau scores were significantly higher for 
Film 2 than for Film 1, F(1,38)— 
4.16, p<.05. Since this test was a 
posteriori, however, this result must 
be viewed with caution. The effect 
showed no relation to pattern. 


Discussion 


Although more complex than the PSAT 
and PMT results, the present results sup- 
port the general conclusion that perform- 
ance on tasks involving short-term mem- 
ory is susceptible to variability of presen- 
tation speed from trial to trial, but only 
when stimulus durations are short. In 
addition, a number of more specific 
points arise. 

For the longer of the two stimulus du- 
rations used at each speed, number cor- 
rect increased as presentation speed de- 
creased. This was true for all three films 
and confirms the results of Mackworth 
(1962), but is contrary to other evidence 
that memory is poorer the slower the 
presentation speed (e.g, Conrad & Hille, 
1958; Fraser, 1958). Mackworth (1964) 
has suggested that different presentation 
modalities may account for these earlier 
conflicting results, since she used visual 
presentation while those studies show- 
ing the reverse effect have all used aural 
presentation. However, in the present 
Study there was some evidence of a re- 
versal of trends for the short stimulus 
durations in Films 1 and 2 (see Fig. 2), 
suggesting the possibility that the modality 
effect noted by Mackworth may be con- 
founded by a stimulus-duration effect. In 
fact the shortest stimulus durations used 
by Mackworth ( 1962) occupied the entire 
interval between successive stimulus on- 
sets, longer in fact than the long stimulus 
durations used in the present study. Long 
stimulus durations might permit more ef- 
ficient rehearsal than do short durations, 
especially when Presentation speed is 
slow, 

For the short stimulus duration (.25 
sec.) used in the Present study, however, 
the results are complicated by the effect 
of variability of Presentation speed. 


DT; 


STIMULUS DURATION AND MEMORY SPAN 


There was no indication of a reversal in 
trend for short stimulus duration in Film 
3 comparable to that noted above for 
Films 1 and 2. The only effect of short- 
ening stimulus duration in Film 3 was to 
lower number correct about the same 
amount for each presentation speed (see 
Fig. 3). The interaction between stimu- 
lus duration and variability of presenta- 
tion speed is further illustrated in the 
opposing effect of varying stimulus dura- 
tion, for the 1.25 sec. per digit speed, on 
Films 1 and 2 on the one hand and Film 
3 on the other (compare Fig. 2 and 3). 
Since the presentation conditions for this 
speed were identical in Films 1 and 3, 
these opposing effects must be related to 
the different contexts created by the dif- 
ferent degrees of between-series varia- 
bility. It is possible that these contexts 
affected the strategies adopted by Ss 
when stimulus durations were short. 
Further research is required on this point. 

Comparison of results for Films 1 and 
2 indicates that the effects of variability 
within series were quite distinct from the 
effects of variability between series, fur- 
ther suggesting that these latter are con- 
text effects. As noted earlier, the higher 
average number correct for Film 2 prob- 
ably reflects the opportunity to group dig- 
its, afforded by Pattern B in particular. 
There was evidence too that within-series 
variability affected order preservation 
independently of content recall, lending 
some support to Conrad's (1959) con- 
tention that these are distinct phenomena. 
Firstly, tau was significantly higher for 
Film 2 than for Film 1, and unlike the 
difference in number correct between the 
two films, this difference was not ap- 
parently related to pattern. 
there was a significant interaction for tau 
scores between presentation speed and 


Secondly, 
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stimulus duration for Film 2, but these 
two variables did not significantly affect 
tau scores on Films 1 and 3. It is pos- 
sible that varying intervals associated 
with each digit in a series when presenta- 
tion was irregular (Film 2) constituted 
additional cues, not available when pres- 
entation was regular (Films 1 and 3), 
for correctly ordering the items in re- 
sponse. 
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LATENCY AND MAGNITUDE OF GSR AS A FUNCTION 
OF INTERSTIMULUS INTERVAL! 


ARNO F, WITTIG anp DELOS D. WICKENS 
Ohio State University 


The relationship between latency an 
as a function of ISI. The correlatio: 


between —.68 and —.85 on the extinction trials. 


ences among groups as a function of I: 
measure, but both measures showed 
1250 msec. range. 


Prokasy, Fawcett, and Hall (1962) using 
five interstimulus intervals (ISIs) (CHES E E 
or 5 sec.) found (a) a positive relationship 
between latency and ISI in GSR conditioning 
and (b) latency increasing across extinction 
trials. Magnitude of GSR varied as a func- 
tion of ISI with maximum value obtained at 
«5 sec. The present study investigated these 
two measures as a function of 12 ISIs. 

Melhod.—The Ss were conditioned in 
separate groups to 1 of 12 different ISIs. The 
intervals varied between 150 and 2450 msec. 
There were 15 Ss in each group. The CS 
was a tone (38 db., 985 cps) which terminated 
with the UCS—a dc shock. Two measures 
of GSR were employed—magnitude of re- 
sponse read visually from a Fels dermohm- 
meter and latency measured by use of an 
Esterline-Angus pen recorder. The visual 
readings were checked for discrepancies 
with the recorder scores. Unless gross dis- 
crepancies were found, the visual readings 
were employed because of the insensitivity 
of the recorder as compared with the meter 
readings. Three preparatory shocks of 
successively increasing intensity were pre- 
sented followed by two unreinforced presen- 
tations of the CS, Ten acquisition trials were 
then conducted followed by five extinction 
trials, 

Results —Extinction Trial 1 was eliminated 
from the analyses because evidence indicates 
that change in the stimulus situation initiates 
augmentation of response (Sokolov, 1960) 
and this effect is especially pronounced on the 
first trial (Allen, Hill, & Wickens, 1963). 
Separate analyses of variance for the remain- 
ing four trials for magnitude of response 
showed no significant differences as a function 
of ISI. Latency values for each trial were 
ranked and Kruskal-Wallis one-way analyses 

6208 to de junio aed 
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1 This research was sup; 
Science Foundation Grant Ce 


d magnitude of GSR was studied 
ns between the 2 measures varied 
Significant differ- 
SI were found only for the latency 
maximal conditioning in the 450- 


of variance run for each trial. Trials 2, 4, and 
5 showed significant differences as a function 
of ISI (p <.05) while Trial 3 approached 
this value (p < .10). The data were not com- 
bined across trials as N varied slightly because 
of difficulty in reading the records. 

Spearman rank correlation coefficients be- 
tween group mean latency and group mean 
magnitude of response for Trials 2, 3,4,and5 
were —.68, —.85, —.79, and —.85, respec- 
tively. These correlations are all significant 
at p «.02. The size of the correlations 
between the two measures can be most easily 
interpreted by the assumption that both of 
the measures reflect a single psychological 
variable such as habit strength (Hull 1943) 
The data reported by Prokasy et al. (1962) 
indicated the same relationship was present 
between latency and magnitude of response. 

The data of Trial 2 are presented in Fig. 1. 
The figure suggests optimum values at 450 
and 1250 msec., although no significant 
differences were obtained between either peak 
and the interposed drop. Work by Vattano 
(1963), conducted at Ohio State University, 
using conditions somewhat comparable to 
those presented here suggested the ISI curve 
for magnitude rises to a maximum at about 
400 msec. and decreases only slightly to 1000 
msec. His work and the failure to obtain 


- significant differences regarding the inter- 


posed drop (600-950 msec. groups) suggest 
that the low level of performance of these 
groups could be interpreted as a chance 
finding. 

Prokasy et al. (1962) report a positive 
relationship between latency and ISI, while 
the relationships found in this study between 
magnitude and latency suggest both measures 
are representative of strength of conditioning. 
The use of more data points indicates a more 
complex relationship for latency than sug- 
gested by Prokasy et al. Unlike in Prokasy 
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FiG. 1. Latency and magnitude as a function of ISI, measured on Extinction Trial 2. 


et al., there was no significant difference in 
latency value across extinction trials obtained 
in the present experiment. This may be 
attributed to the use of a smaller number of 
extinction trials. 
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VIGILANCE PERFORMANCE WITH A QUALITATIVE SHIFT 
IN VERBAL REINFORCERS 


WILLIAM BEVAN anb EDWARD D. TURNER 
Kansas State University 


Sequel to an earlier exp 
qualitative shift in verbal 


signal. 
correct responses or ‘Wrong’ 
performance. Furthermore, 


forcement to the othi 
resulted in an additional 40% 
2nd half. This last was take 


effect. 


In a recent issue of this journal, Bevan and 
Turner (1965) report a general facilitation of 
auditory detection when the reinforcement 

!This experiment was performed under Contract 
Nonr-3634(01) between Kansas State University and 
Ee ge Psychology Branch, Office of Naval 

esearch. 


Visual presentation of the word 
for errors produced a 30% improvement in 


a shift from one qualitative type of rein- 
er at the midpoint of the experimental session 
increase in performance efficiency on the 
n as evidence of a qualitative contrast 


eriment, this study examined the effect of a 
reinforcers upon the detection of an auditory 


“Right” as reinforcement for 


schedule involved a shift at midpoint from 
coins for correct responses to mild shocks for 
errors or vice versa. Their intention was to 
investigate the possibility of a qualitative 
contrast effect similar to that reported over 
the past 20 yr. to follow shifts in reinforcer 


ERRORS 


25 HALF 


Y! HALF 


Fic. 1. Average errors on a simple vigilance task 
under different conditions of verbal reinforcement. 
I is the control group. II represents combined data 
or groups receiving either reward (Ilr) or punishment 
T » throughout the task. III represents combined 
ata for groups shifting from reward to punishment 
(IIIr,p) or punishment to reward (IIIp,r) on the second 
half of the task.] 


magnitude. The general facilitation of per- 
formance throughout the entire task, assumed 
to have resulted from the necessity of in- 
forming Ss of the use of shock as a reinforcer, 
was thought to have obscured the possible 
appearance of the contrast effect. Accord- 
ingly, the experiment was repeated with 
verbal reinforcers—a visual display of “Right” 
or “Wrong”—replacing the coins and shock. 
Method.—Fifty Ss were divided randomly 
into five groups, with approximately equal 
numbers of men and women in each. Group I 
received no reinforcement and served as 
control. Groups II. and Ilp, respectively, 
received reward and punishment throughout 
the task. Group II, p received “Right” for 
correct responses during the first half of the 
task and “Wrong” for errors during the 
second. Group III,,, also received both types 
of reinforcement but in reverse order. 
Apparatus was the same as that used 
previously except that the coin dispenser and 
shock electrodes were replaced by a box, 
74X 4X 34 in, painted flat black and 
. placed in front of S adjacent to his response 
key. The words Right and Wrong were 
carved in the face of the box and were capable 
of back lighting in green and red, respectively. 
The procedure was exactly the same as 
that of the first experiment, except the word 
Right replaced the coins as positive reinforce- 
ment and the word Wrong replaced the shock 
as negative reinforcement. Instructions were 
those usual to the vigilance experiment. 
However, no reference to the inclusion of 
reinforcement was made at any time. 
Results and discussion —Figure 1 presents 
a summarization of the data of the experi- 
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ment. As in the case of the control group of 
the earlier experiment, performance of Group 
I was approximately at the 50% detection 
threshold (on the average 8.2 errors on the 
first 16 signals and 8.1 errors on the second 
16) and showed no performance decrement. 
This last characteristic recommends the 
present task as one which allows E to study 
the relationship of incentives and other 
variables to performance free of concern for 
the confounding effects of decrement. 

A comparison of Curves II and III with 
I clearly reveals the facilitating effect of 
verbal reinforcement upon detection effi- 
ciency, Fr vs, 11, mt (1, 45) = 28.0, p < .001. 
Furthermore, as far as overall performance 
efficiency is concerned, there are no reliable 
differences between the several reinforcement 
Conditions, Fhetween reinforcement conditions (2, 45) 
= .47, p > 05. That is, positive reinforce- 
ment, when used throughout, is as effective 
as negative when used throughout. Similarly, 
the direction of shift is of no practical con- 
sequence. In both respects, these present 
data parallel those of the previous study. 

The present data on performance trends 
across halves under the two schedules of 
reinforcement, simple and changed, stand in 
clear contrast to comparable data of the 
previous experiment. When reinforcement 
was of the same type throughout the task, 
(the II groups), improvement in performance 
was approximately the same as that obtained 
under comparable conditions in the earlier 
study (11.4 vs. 11.6 out of 32 possible errors) 
and was constant for both halves. However, 
with the qualitative shift (the III groups), 
the performance picture became quite differ- 
ent. From the same initial level of efficiency 
as the II groups (III vs. II = 6.1 vs. 5.9 
errors out of a possible 16 on the first half), 
performance shows an additional 40% im- 
provement (III groups; 6.1 vs. 3.7 errors out 
of a possible 16 when the first half is compared 
with the second half). This further facilita- 
tion is statistically significant, Frī vs. 111 trends 
(1,45) = 8.51, p < .01. 

Curve III, then, confirms the existence of a 
qualitative contrast effect in reinforcement: 
A change in the qualitative nature of the 
reinforcer, like a change in reinforcer magni- 
tude, will induce an improvement in perform- 
ance greater than that which may be expected 
Red either of the qualitative forms taken by 
itself. 
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VISUAL AND MOTOR COMPONENTS OF AN EXPERIMENTALLY 


INDUCED POSITION PREFERENCE IN MULTIPLE 
PROBABILITY LEARNING! 


STANFORD H. SIMON? 


Veterans Administration Hospital, Tomah, Wisconsin 


24 Ss predicted the outcome of races for horses represented by a row 
of stimulus boxes, each with a signal and 2 feedback lights. The center 
horse lost 80%, the rest won 80%. 4 the Ss had feedback lights to the 
left of signal light and 3 had them to the right; J predicted win with the 
left hand and $ with the right. After 150 trials, Ss postdicted the win 
frequency for each horse. Position preference (pp) was defined as the 
better prediction (or postdiction) for horse at one end than at the other. 
Results showed a pp congruent with the side of the feedback lights 
(p < .05) and the hand predicting win (p < .01), but only when the 
information lights are to the left but not to the right of their respective 
signal lights and when it occurs it is more reliable on the left than on the 


right (interaction: p < .001). 


Postdicted responses show a significant 


pp that is congruent with the hand that predicted win (p < .05). 


In a previous experiment (Simon, 1964) 
involving multiple probability learning, the 
author discovered an unexpected and highly 
significant position preference (pp) induced 
by the experiment. The procedure required 
Ss to predict the outcome of “horse races" by 
pressing one of two keys. The "horses," 
represented by a row of stimulus boxes, raced 
separately, Each box had a white signal light 
and two feedback lights: “Win” and “Lose.” 
The E; event (most frequent event) occurred 
80% of the time and was the same (e.g., 
Win) for all but the center horse. The 
position preference was identified by the 
better prediction that took place for the end 
horse corresponding to the same side as the 
E; feedback lights on the noncentral boxes. 
It was also found with the postdicted re- 
sponses, i.e., S's postdiction of percentage of 
win for each horse following the learning trials. 

Two experimental variables likely in- 
volved: the side of the box on which the Ei 
event occurred and the hand predicting the 
E; event were confounded in the previous 
experiment. The present study was designed 
to assess the relative contribution of these two 
variables to the induced position preference. 

Method.—The apparatus was identical to 
that used previously (Simon, 1964). How- 
ever, in the previous study the white signal 
light sat above and between both feedback 
lights; in the present study, the boxes were 
rotated so that both feedback lights were 
either to the left or right of the signal light. 


1 This research project was supported in part by the. 
Veterans Administration Medical Research Program 
(8200 funds). 


,*Now at Veterans Administration Center, Wood, 
Wisconsin. 
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The feedback lights illuminated the words 
"Win" and "Lose," respectively, the top 
light always being WIN. On top of each box 
was a small plastic horse. On the table were 
two black push-button response keys. One 
white light came on ata time, indicating which 
horse was running. Itwentoff when S pressed 
the key and was immediately followed by a 
feedback light which lasted about 1.5 sec. 

The experimental design was a 2X2 
factorial, with the visual variable (V) being 
the side on which both feedback lights oc- 
curred: left (L) or right (R), and the motor 
variable (M) being the hand (L or R) that 
predicted the E; event. The four groups, 
therefore, can be identified as follows: 
ML-VL, ML-VR, MR-VL, and MR-VR. 
A spatial generalization design was main- 
tained in that for all Ss the center horse 
always lost 8095 and the four others always 
won 8097. 

Each S was given those instructions that 
kept the ownership of the horses anonymous, 
and are presented in detail in the previous 
study (Simon, 1964). In essence, S was told 
that when the white light came on, it meant 
that that horse was running in a race and he 
was to predict whether it won or lost by 
pressing the appropriate button. At first he 
was to guess, but if he kept track carefully 
of how each horse was doing, his guesses 
would be expected to improve. He was then 
given 10 practice trials during which each 
horse won and lost once in a randomly 
presented series. Then S was given 150 trials 
which were self-paced, but tended to occur at 
the rate of 10 to 12 per min. These trials 
were divided into six different blocks of 25 


470 


POSTDICT 


PREDICT. 


PERCENT OF E, RESPONSES 


POSITION OF HORSES 


FiG.1. Ex responses for the four groups for Predict 
and Postdict data—M = motor, V = visual, L = left, 
R = right. 


trials each. Each horse was presented in 
random order five times per block, with the 
FE; event for each horse occurring four times 
per block. Afterwards, S estimated the 
percentage of win for each horse. 

Twenty-four Ss were assigned at random 
to the four conditions, providing 6 Ss for 
each. The Ss were professional and sub- 
professional personnel at the Tomah Veterans 
Administration Hospital. Ages ranged from 
27 to 55 yr., X = 37.8 yr.; education ranged 
from 12 to 19 yr., X = 15.5 yr. 

Results and discussion.—1 wo kinds of data 
were recorded: (a) the Predict data obtained 
as S predicted win or lose outcomes; (b) the 
Postdict data, i.e., S’s estimate of percentage 
of Win for each horse obtained after the 150 
learning trials. 

In the analysis a difference score was used, 
obtained by subtracting the E; scores for the 
horse on the left end from the E; scores of the 
horse on the right end. Position preferences 
to the left, therefore, would be indicated by 
negative scores and position preferences to the 
right by positive scores. 

Figure 1 presents the curves of E; responses 
for the four groups for both Predict and 
Postdict data. The Predict data in this 
figure, as well as in the analysis below, is 
based on the last five of the six blocks of trials. 

The means and SDs of the Predict differ- 
ence scores for the four groups were as follows: 
ML-VL, X 2—6.17, SD = 3.19; ML-VR, 
X 2250 SD-327; MR-VL, X = 3.83, 
SD =4.17; and MR-VR, X = 1.67, SD 
= 216; An analysis of variance found the 
visual variable significant: F (1, 20) = 5.91, 
p <.05, with the position preference con- 
gruent with the side of the feedback lights; 
the motor variable significant: F(1,20) 
= 11.7, p < 01, with the position preference 

congruent with the hand predicting E1; and 
a significant interaction: F (1, 20) = 164, 
p < .001, showing that the effect of the motor 
variable occurs only when the feedback lights 
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are to the left but not to the right of their 
respective signal lights. Also, when it occurs 
it is more reliable on the left (N = 6) than 
on the right (N = 6). A Duncan range test 
showed that group ML-VL differed from zero 
(p < .05) and from each of the three other 
groups at the .01 level. 

For the Postdict data the means and SDs 
of the difference scores for the four groups are 
as follows: ML-VL, X = —20.83, SD = 26.34; 
ML-VR, X =—3.33, SD = 28.21; MR-VL, 
X = 13.33, SD =1602; and MR-VR, 
X = 6.67, SD = 32.51. The only significant 
finding in an analysis of variance was for the 
motor variable: F (1,20) = 449, p < .05, 
with the position preference being to the same 
side as the hand predicting Ei. The only 
significantly different groups were ML-VL vs. 
MR-VL: # (10) = 248 (p <.05). The fact 
that all Ss observed the same events but the 
estimate of the frequency of these events 
following learning was affected by Ss’ predict 
responses, suggests that a passive 0, i.e., one 
not operating the keys, would not show a 
position preference with postdicted responses. 

The marked difference between the ML- 
VL group and all others is seen in the Predict 
data and to a lesser extent in the Postdict 
data. In particular, one notes that the 
ML-VL produces a larger position preference 
to the left (X =—6.17) than the position 
preference to the right produced by the com- 
bination of MR-VR (X = 1.67). A t test 
comparing these two difference scores without 
taking into account the direction of the 
difference—i.e., just considering their magni- 
tude—was significant at the .02 level with 
the Predict data (Postdict data was not 
significantly different). 

As a check on the generality of this finding 
the data from the previous study (Simon, 
1964) was reanalyzed in terms of the differ- 
ence scores between the end horses. That 
study had a Preferred Left group (PL) anda 
Preferred Right group (PR), comparable to 
the present ML-VL and MR-VR groups, 
respectively, with 20 Ss in each group. How- 
ever, the two feedback lights were located 
one on each side of the signal light. (Both 
the PL and PR groups were divided into four 
groups, differing in whether the noncentral 
horses were winners or losers and whether or 
not the instructions emphasized that these 
were S's horses.) The means of the PL and 
PR groups were —6.85 and 3.1, respectively, 
with the PL group mean being especially 
close to that of the comparable group of the 
present study (—6.17). There isa pp in both 
directions that is significantly larger than 
zero, PL: £(19) = 5.55, p < .001; PR: 
1(19) = 2.52, p «.05. The two groups 


` differ significantly when direction is included: 
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1(38) = 5.59, p «.001, and, again, the 
induced preference to the left is significantly 
larger than the preference to the right, i.e., 
when only magnitude is considered: £ (38) 
=2.11,p < .05. 

The results suggest the possibility of some 
central visual phenomenon exerting an 
influence over this type of motor-response 
choice behavior. Since the most prominent 
effects occur with the VL groups, and since 
eye movements to the left are controlled by 
the right side of the brain, one wonders if 
these findings are related to those of Reitan 
(1955) and Read (1963) showing that the 
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right hemisphere is more important than the 
left in visual motor tasks (as opposed to 
strictly verbal tasks)? If so then these vari- 
ables may affect learning even in the classic 
single-probability learning situation. 
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ANXIETY AND EYELID CONDITIONING 


MARK OMINSKY AND GREGORY A. KIMBLE 
Duke University 


35 Ss were divided into high- and low-anxiety groups and given 90 


eyelid conditioning trials. 


The Hi-A group conditioned to a signifi- 


cantly higher level than the Lo-A group, confirming previous Iowa 


findings. 


Differences from previous results obtained in the Duke labora- 


tory are discussed in terms of changes in the experimental equipment. 


Spence (1964) has recently summarized the 
results of several studies which show that 
Hi-A Ss with high scores on the Taylor 
Anxiety (A) scale develop a conditioned 
eyelid reaction more readily than Lo-A Ss 
with low scores on the scale. In the same 
paper, Spence also discussed the results of a 
smaller number of other investigations, in- 
cluding those from this laboratory, that had 
failed to confirm the Iowa findings, and even 
in some cases had obtained opposite results 
(e.g., King, Kimble, Gorman, & King, 1961). 

Among the speculations offered by Spence 
to account for these negative results was the 
hypothesis that certain aspects of procedure 
were critical and that differences in such 
details from one laboratory to another account 
for the different results. Having recently 
moved into a new laboratory which seemed 
to incorporate some of the features which 
Spence believes may be important, we decided 
to make another comparison of the condition- 
ing of Hi-A and Lo-A Ss. 

Method.—The Ss were 35 freshman nursing 
students, who served as volunteers to fulfill 
the requirements in the introductory psy- 
chology course. The A scale was administered 
in class (N = ca. 85) by another E and the 
upper and lower quarters of the distribution 
were solicited as Ss. Nineteen Hi-A and 16 
Lo-A Ss (scores above 18 and below 12, 
respectively) comprised the two groups, these 
Ns being the numbers of Ss to volunteer 
before the instructor made an unfortunate 


announcement in class which eliminated the 
incentive to participate. 

The apparatus was similar to that de- 
scribed by Pennypacker (1964) except that a 
dental chair and an insulated air-conditioned 
chamber were used in the new laboratory. 
All Ss received 90 pairings of CS and UCS at 
a .5-sec. interstimulus interval. The average 
intertrial interval was 20 sec. and varied 
haphazardly between 12 and 28 sec. Ink- 
written records were obtained from a false 
eyelash, microtorque potentiometer and Grass 
polygraph system. 

Results.—All responses with latencies from 
.30 to .50 sec. and a deflection of 2 mm. or 
more from a stable base line were counted as 
CRs. Acquisition curves for the two groups, 
showing percentages of CRs in blocks of 10 
trials, appear in Fig. 1. The performance of 
the Hi-A group is obviously and significantly 
higher than the Lo-A group, ¢ (33) = 2.34, 
p = .025, for the entire series of trials. The 
difference between the curves is significant at 
the same level (¢ = 2.11) for the last 50 trials 
where the functions appear to be asymptotic. 

Discussion—The precise procedural 
changes that account for our ability now to 
demonstrate an effect we could not obtain 
before can only be suggested. We suspect 
that they are these: Previously the experi- 
mental room was a small, homemade, sound- 
treated booth, with a doorlatch inside, located 
within E's room. The S knew that E was 
close at hand and that he could release him- 
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FiG. 1. Mean percentage of CRs for high- 
and low-anxiety Ss. 


self from the chamber if necessary. The S's 
chair was a movable desk chair of a familiar 
type with a pillow headrest. The insulated 
air-conditioned chamber in the new laboratory 
looked something like a bank vault or built-in 
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refrigerator. The S entered the chamber from 
the hallway of the building. There were 
heavy doors to the vault and the arrangement 
of the double doors may have suggested to S 
that he was locked in. The E left the room 
by the same door, leaving S alone with no 
precise knowledge of where E had gone. As 
mentioned earlier, S’s chair was a dental 
chair. Intuitively the new situation seems 
more threatening then the old one. 

If our suspicions are correct, the implica- 
tion of these results is that our new procedures 
succeeded, where previous ones had failed, 
in arousing the anxiety to which the Hi-A S 
is predisposed and, for this reason, allowed 
the usual positive relationship between 
anxiety and eyelid conditioning to appear. 
With the same proviso, these results also 
favor the “acute” as opposed to the “chronic” 
theory of the way in which anxiety affects 
eyelid conditioning. 

REFERENCES 


Kine, M. S., KIMBLE, G. A., Gorman, J., & KinG, R. A. 
Replication report: Two failures to reproduce effects 
of anxiety on eyelid conditioning. J. exp. Psychol., 
1961, 62, 532-533. i 

PENNYPACKER, H. S. External inhibition of the condi- 
tioned eyelid reflex. J. exp. Psychol., 1964, 67, 33-40. 

SrENcE, K. W. Anxiety level and eyelid conditioning. 
Psychol. Bull., 1964, 61, 129-139, 


(Received October 4, 1964) 


EFFECT OF AMOUNT OF PRETRAINING WITH IDENTICAL AND 


DISSIMILAR STIMULI ON CONCEPT LEARNING 


RICHARD D. PETRE? 
George Peabody College for Teachers 


As an extension of an experiment reported previously (Petre, 1964), 
stimulus-equivalence training designed to facilitate performance on a 
subsequent concept task was given 8 experimental groups of 20 under- 
graduates each. These groups plus a control group (C) that received 
no training were given a matching-to-sample concept problem in which 
correct matching was on the basis of size and linearity. 4 groups (DF) 
received 4, 8, 16, or 32 training trials with stimuli identical with the 
concept stimuli; and 4 groups (GF) with stimuli that were physically 
dissimilar, but which were also either curvilinear or rectilinear. Group 
C did not differ from the combined experimental groups in mean number 
of errors on the concept problem. The DF groups were superior to the 
GF groups, p < .05. A nonmonotonic performance trend as a function 
of number of training trials was obtained, with the 8-trial condition 
inferior (p <.05) to the 32-trial condition. 


The present experiment was an extension 
of a study reported previously (Petre, 1964), 


1 This report is based on a dissertation presented in 
partial fulfillment of the requirements for the PhD 
degree at George Peabody College for Teachers under 
the direction of Susan W. Gray. The author wishes to 
express his gratitude to Norman R. Ellis and Raymond 
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stages of planning. The research was supported in part 
by Training Grant 2M-6480 from the National Institute 
of Mental Health. Support for the preparation of this 


in which the notion of generalization decre- 
ment was used to predict differences 1n 
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performance on a concept task as a function 
of the similarity of the concept-task stimuli 
to the stimuli used in a stimulus-equivalence 
pretraining task. A transfer-of-training para- 
digm was used in which the amount of practice 
on the training task and the similarity of the 
training stimuli to the test stimuli were varied. 

Method.—The apparatus and general pro- 
cedure used were identical with that reported 
in the study mentioned above with a few 
exceptions: (a) the only training provided 
was that designed to facilitate subsequent 
concept performance; (b) the concept-task 
stimuli used in the previous study varied only 
in shape and size, while color was present as 
a nonrelevant dimension in the present study; 
(c) equating training for Ss and groups in the 
present study was approached by providing 
a given number of reinforced trials, while with 
the previous study, each S was required to 
reach the same criterion of learning. 

There were eight experimental groups and 
one control group of 20 undergraduate volun- 
teers each. The experimental groups received 
4, 8, 16, or 32 pretraining trials consisting of 
learning to say nonsense syllables when shown 
cards containing geometric forms. The task 
consisted of saying BIC when shown a recti- 
linear shape and SAR for curvilinear drawings. 
The E said “right” or "wrong" after each 
response by S. Four of the experimental 
groups were trained with stimuli identical in 
shape with the concept-task stimuli. The 
other four groups were trained with stimuli 
that were physically dissimilar to the test 
stimuli, but which were also either curvilinear 
or rectilinear. The groups trained with 
identical stimuli will be referred to as the 
direct facilitation (DF) groups and the groups 
trained with dissimilar stimuli as the general- 
ized facilitation (GF) groups. 

The experimental Ss were given a four- 
choice, matching-to-sample concept task 
immediately following training. Instructions 
stressed the idea that there was a principle 
involved in matching and that S did not need 


TABLE 1 


Means AND SD or TOTAL ERRORS AND THE 
NuMBER REACHING CRITERION 


Group N Solving M SD 
Ç: 11 73.25 31.25 
DF-4 13 54.15 24.56 
DF-8 10 63.15 29.48 
DF-16 13 53.65 33.18 
DF-32 19 35.25 25.63 
GF-4 12 73.05 31.14 
GF-8 9 80.75 20.64 
GE-16 12 59.70 33.33 
GF-32 8 61.95 3624 
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TABLE 2 


SUMMARY OF ORTHOGONAL COMPARISONS 
ANALYSIS OF ERROR SCORES 


Source af F 
C vs. Experimental (A) 1 3.16 
DF vs. GF (B) 1 12.52** 
4 vs. 8, 16, 32 (C) 1 164 
8 vs. 16, 32 (D) 1 10,38** 
16 vs. 32 (E) 1 1.36 
B vs. Č 1 104 
B vs. D 1 ‘01 
B ys. E 1 2.23 
MSe 171 (957.63) 
** p «.01. 


to try to memorize which specific stimuli 
went together. A correct choice consisted of 
pushing a button under a choice stimulus that 
was the same size and linearity value as the 
sample stimulus. The task was presented 
with standard electronic programing ap- 
paratus and responses were recorded elec- 
tronically. If the learning criterion of 10 
consecutive correct trials was not reached in 
144 trials, the task was terminated and the 
score was the total number of errors. 

Results and discussion.—Table 1 presents 
means and SDs of error scores and the number 
of Ss that reached the learning criterion. 

‘An orthogonal comparisons analysis was 
done with the error scores and the results are 
presented in Table 2. 

The control group did not differ signifi- 
cantly (p = .05) from the combined experi- 
mental groups with regard to mean errors, 
although there is a trend in the predicted 
direction (p < -10). A t-test analysis was 
done of the 8 vs. 16, 32 comparison which 
resulted in a significant difference between the 
8 and 32 trial conditions (t = 2.39, p < 05). 
The most parsimonious description of the 
results would seem to be that the type of 
training stimuli makes a difference in the 
overall number of errors made but the func- 
tion determined by the number of training 
trials is the same. 

Although a nonmonotonic performance 
trend as a function of numbers of training 
trials has been a fairly commonly observed 
phenomenon in transfer research (e.g., Gagné 
& Foster, 1949), no very satisfactory ex- 
planation has been offered. Although it might 
be difficult to test, one explanation might be 
in terms of an interaction between number of 
training trials and generalization decrement 
due to the change from the training situation 
to the test situation (Hull, 1952, p. 70). 
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Sure Cure for Electronic Frustration 


Through solid state digital logic pack- 
ages (called DigiBits) we have taken a 
great deal of the old frustration out of 
electronics in the research lab. Reli- 
ability is a prime example. Once a Digi- 
Bit system is properly programmed it 
just goes and goes and goes. No moving 
parts, no points to burn out and most 
important, no equipment failure midway 
through an experiment. What could be 
more frustrating than seeing a whole 
experiment washed out due to faulty 
equipment? 


Consider versatility too. With DigiBit 
logic modules you decide what the 
equipment should do to fit your experi- 
ment. Using techniques borrowed from 
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the computer field, an infinite variety 
of networks can be established quickly 
by interchanging or plugging in differ- 
ent modules. In fact by utilizing a cer- 
tain amount of permanent pre-wiring, 
networks can be changed in seconds. 
How many new horizons does that open 
up? Used to be you'd have to settle 
for solutions governed by the capability 
of the equipment. With DigiBits you're 
restricted only by your own imagination. 


Looking for a new way of life? Ask 
BRS to give you the complete story on 
DigiBit Systems. Ask too about the BRS 
free Design Assistance Service—valuable 
advice that's appreciated by the engi- 
neer and non-engineer alike. 


electronics 
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ALLYN AND BACON, INC. 


Announcing a new series 
of paperbound books in Experimental Psychology 
CONTEMPORARY TOPICS IN EXPERIMENTAL PSYCHOLOGY 
General Editors: James Deese, The Johns Hopkins University 

and Leo Postman, University of California, Berkeley 
This new paperbound series provides a detailed and challenging introduction to 
the important problems in experimental psychology. Because the experimental 
methods are diversified and often unique to a given area, every volume will be 
an original contribution in a specific field of experimental psychology. Each 
one vill illustrate the basic problems in method as well as the important theo- 
retical concepts. The series as a whole is addressed to the undergraduate 
student and offers to the instructor a great flexibility coupled with coverage in 
depth. The books will be especially useful in undergraduate courses in experi- 
mental psychology. |n addition, some of the volumes will be effective in in- 
tensive courses in introductory psychology, while others may serve as basic or 


supplementary texts for courses in their respective subject areas. 


Ready for your classes . . . 
REWARD AND PUNISHMENT 
By Frank A. Logan, University of New 


Mexico 
and Allan R. Wagner, Yale University. 
1965 128 pp. $2.25 


Organizes basic principles concerning 
the effects of rewards and punishments 
on behavior. Emphasizes the stimulus, 
response, and incentive value of these 
events in relation to available research 
and possible designs for more incisive 
research. 


PERCEPTION OF BRIGHTNESS 
AND DARKNESS 


By Leo M. Hurvich and Dorothea 
Jameson, both of the University of Penn- 
syloania. 1966 141 pp. $2.50 


Concentrates on the large amount of 
material related to the problems of 
brightness and darkness in visual per- 
ception. Centrally emphasizes the dual 
variation of the visual response in either 
a brightening or darkening direction and 
the importance of both modes of re- 
sponse for visual perception. 


Spring, 1966. . . . 
HUMAN CONCEPTUAL 
BEHAVIOR 


By Lyle E. Bourne, Jr., University of 
Colorado. Scheduled for Spring, 1966 
Est. 160 pp. Tentative $2.50 


Provides a readable introduction to the 
experimental psychology of conceptual 
Processes. Brings together recent re- 
search in an eclectic approach. 


Also in preparation. . . . 

DISCRIMINATION LEARNING 

By D. A. Riley, University of California, 

Berkeley 

VERBAL LEARNING 

By Rudolph Schulz, State University of 
owa 


EXPERIMENTAL SOCIAL 
PSYCHOLOGY 


By Jerome E. Singer, The Penns sylvania 
State University 
SCIENTIFIC METHOD 


By Michael Scriven, Indiana Univer- 
sity 


Forthcoming Spring Publication A 
FUNDAMENTALS OF EXPERIMENTAL DESIGN 


By Jerome L. Myers, University of Massachusetts 


This new book is a lucid a 
methods of ex 
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EXPERIMENTAL PSYCHOLOGY, 2nd edition 


BENTON J. UNDERWOOD, Northwestern University. Virtually new 
from cover to cover, this college text, designed for the first course in ex- 
perimental psychology, embodies in each chapter a number of experi- 
ments that require only minimal equipment. All major types of designs 
are detailed; all types of theories (except mathematical) are illustrated. 
Student’s Manual in Preparation. April. 675 pp., illus., $7.50 (tent.) 
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THEORIES OF LEARNING, 3rd edition 


ERNEST R. HILGARD and GORDON H. BOWER, both of Stanford 
University. This new edition presents a contemporary account of major 
learning theories, chapters on the neurophysiology and neurochemistry of 
learning, and a section on the technology of learning, reflecting the 
growing cooperation between experimental and educational psychologists. 
April. 675 pp., illus., $7.50 (tent.) 
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A Basic Systems Program by GEORGE L. GEIS and WILLIAM C. 
STEBBINS, both of the University of Michigan; and ROBERT W. 
LUNDIN, University of the South. Part I, Reflexes and Conditioned 
Reflexes, gives the student a solid foundation in Pavlovian analysis and 
principles, thereby enabling the instructor to discuss instrumental condi- 
tioning at his discretion and in his own fashion. This program is identical 
to the reflex section of the work listed below. 160 pp., 400 frames, $1.85 


THE STUDY OF BEHAVIOR: 
Reflex and Operant Conditioning, Volume I, Parts I and II 


A Basic Systems Program by GEORGE L. GEIS and WILLIAM C. 
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LUNDIN, University of the South. Parts I and II of this programmed 
text for introductory psychology establish a strong foundation in the 
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lows the lecturer to discuss extinction and punis! i 5 +9 
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INFORMATION CAPACITY OF DISCRETE MOTOR 
RESPONSES UNDER DIFFERENT 
COGNITIVE SETS* 


PAUL M. FITTS Ax» BARBARA K. RADFORD 


University 


of Michigan 


Previous findings on the interrelations of speed, amplitude, and accu- 
racy of movements support the conclusion that the human motor sys- 
tem has a relatively constant information capacity over rather wide 
limits. The 2 experiments here reported examine extensions of this 
conclusion by comparing (a) movements that are initiated at S’s con- 
venience vs. movements following a 2-choice reaction time, and (b) the 
effects of variations in instructions and payoffs emphasizing speed vs. 
accuracy. It is concluded that (a) there is little or no benefit in spend- 
ing additional time in preparation for the initiation of a skilled move- 
ment; only an increase in the time actually spent in executing a move- 
ment is of value in increasing accuracy, and (b) within limits, the 
information capacity of the human motor system is relatively invariant 


under changing cognitive sets for 


For many years there was disagree- 
ment as to whether or not movement 
time (MT) increased with movement 
amplitude. Some investigators (Brown 
& Slater-Hammel, 1949; Hick & Bates, 
1950; Searle & Taylor, 1948; Wood- 
worth, 1899) found that time increased 
with amplitude, whereas others (such 
as Bryan, 1892; Derwort, 1938; Free- 
man, 1914; Stetson & McDill, 1923) 


1 This research was supported in part by 
the Advanced Research Projects Agency, 
Department of Defense, and was monitored 
by the Air Force Office of Scientific Re- 
search, under Contract No. AF 49(638)- 
1235, with the Human Performance Center, 
Department of Psychology. 


speed vs, accuracy. 


found that time was independent of 
amplitude. In previous studies (Fitts, 
1953, 1954) it has been shown that the 
answer depends on the degree of ac- 
curacy with which a response has to be 
terminated. If constant relative ac- 
curacy is required, then movement 
duration is essentially independent of 
amplitude, whereas if constant absolute 
accuracy is required, then movement 
duration does indeed increase with am- 
plitude. An index of difficulty, ID, in- 
terpreted as the amount of information 
that the movement is required to gen- 
erate, can be defined as 


ID = logs 77, bits [1] 
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where amplitude, 4, is the distance 
from initiation to average termination 
of the movement (and thus is analogous 
to signal plus noise), and accuracy, W, 
is defined as the permissible range 
within which the movement may ter- 
minate. As A and W are varied over a 
considerable range, such as from 4 = 
2 in. and W = 1 in. (ID — 2 bits) to 
A= 16 in. and W = 1/8 in. (ID=8 
bits), MT in serial tasks has been 
shown to increase linearly with ID, the 
type of function being similar to that 
usually found for choice RT viz., 


MT=B+C(D), [2] 


with the slope constant, C, taking on 
values in the range from about 90 to 
110 msec/bit (Fitts, 1953, 1954). 
These findings support the conclusion 
that man's motor system has a rela- 
tively constant information capacity 
over a range of movement conditions. 
This general conclusion has been sup- 
ported and extended by the work of 
other investigators (Andriessen, 1960; 
Annett, Golby, & Kay, 1958; Morikiyo 
& Nishioka, 1963; Vredenbregt, 1959; 
Welford, 1961). 

Constant motor capacity is also evi- 
dent in discrete movements executed 
in a two-choice RT situation (Fitts & 
Peterson, 1964). However, discrete 
movements are faster, and therefore 
the value of C is smaller, than is the 
case for comparable movements made 
in serial tasks. This increase in motor 
capacity for discrete responses is at- 
tributable to two factors. In serial 
tasks some finite time may elapse at 
the end of a movement before the next 
movement is initiated, and these dwell 
times are included in the average times 
for serial responses, whereas they are 
not included in the time recorded for 
a single response. More important, 
feedback information becomes available 
during serial tasks, and the output rate 
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of the motor system may be reduced in 
proportion to the amount of such feed- 
back being processed. It has also been - 
found (Fitts & Peterson, 1964) that 
the difficulty of the movement which is 
about to be executed has virtually no 
effect on the preceding choice RT, as 
long as any two equally likely alterna- 
tive movements are involved. The 
latter results have been interpreted as 
indicating that the processes involved 
in choosing among alternative move- 
ments are largely independent of the 
processes involved in their execution. 

Several questions remain to be an- 
swered regarding the information ca- 
pacity of the motor system. Does per- 
formance improve with increases in the 
amount of time which S is allowed to 
spend in preparing for a particular re- 
sponse? And does the information ca- 
pacity of the motor system remain in- 
variant over changes in set for speed 
vs. accuracy? The effect of speed-up 
instructions has been investigated by 
Hick (1952) in his study of the rate 
of gain of information in choice RT 
tasks, and has recently been studied by 
one of the present authors in a variety 
of RT tasks (Fitts, 1964). However, 
it has not been examined with regard 
to motor processes. The present ex- 
periments were designed to investigate 
these two related questions. 


MeTHOD 


Apparatus—The apparatus was similar to 
that employed in a previous study (Fitts & 
Peterson, 1964), with minor electronic im- 
provements. The S was instructed to hit 
designated targets with a light-weight metal 
stylus which he held in his preferred hand. 
Timing circuits measured RT, the time from 
onset of a stimulus light to onset of a move- 
ment, as marked by the breaking of contact 
with a starting button, and MT, the time 
from initiation of the movement to its termi- 
nation, the making of contact with either 
the target or an undershoot or overshoot 
plate adjacent to it. A third clock was 
used to measure total time. Capacitance 
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circuits were used to detect contact between 
stylus and targets so that no wires had to 
be attached to S. 

Subjects.—Three male university students 
served for pay in the experiments. 

Procedure—All three Ss served first in 
Exp. I and later in Exp. II. In Exp. I 
they were instructed that only MT would 
be recorded and that they could take as long 
as they desired to prepare for each move- 
ment, their task being to touch the target 
as quickly as possible once the movement 
was initiated. Pairs of identical targets 
were always used, one to the right and one 
to the left of the starting button. Three 
target widths, 14, 16, and 1 in. and three 
movement amplitudes, 4, 8, and 16 in. were 
employed in all possible combinations, giving 
nine task conditions varying in ID from 3 
to 7 bits per response. A target was desig- 
nated by turning on one of a pair of lights. 

The Ss worked under three sets of in- 
structions regarding the relative importance 
of speed vs. accuracy. These instructions 
were made explicit by the use of precise 
payoff conditions under which Ss could earn 
points toward a monetary bonus. The three 
payoff matrices are shown in Table 1. Each 
response was categorized as a hit if the 
stylus contacted the target plate without 
previously or subsequently touching an error 
plate. The criterion time for categorizing 
movements as fast or slow was set at the 
predicted mean MT for each target condi- 
tion, based on the average performance of 
Ss tested in the previous experiment (Fitts 
& Peterson, 1964), where it had been found 
that 


MT —74 ID — 70 msec. [3] 


Hits or misses were indicated automatically 
after each movement by appropriate lights, 
and E reported “fast” or “slow,” as deter- 
mined by comparing the actual MT with the 
appropriate criterion time. 7 

Each S served for nine sessions, making 
90 responses per session. Payoff conditions 
were held constant during a given session, 
but were changed from day to day in accord- 
ance with a random Latin square. Within 
each session the mine amplitude-accuracy 
conditions were administered in blocks of 
10 responses, the order of blocks being ran- 
domized within sessions and from day to 
day. Right and left targets were designated 
randomly, with equal probability. The Ss 
were paid a base rate per session, plus 1¢ 
per point, as determined by the payoffs 
specified in Table 1. 
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TABLE 1 


CowprrioNs For EamNiNG Bonus Points 
UNDER THREE DIFFERENT INSTRUCTIONS 
FOR SPEED VERSUS ACCURACY 


Response Characteristics 


Payoff Condition 


Fast | Slow | Fast | Slow 
and and and and 
Correct} Correct} Wrong | Wrong 
Cond. A (Accuracy) | +1 | —1/8| —1/2| —1 
Cond. N (Neutral) T1 —1/4| —1/4 =1 
Cond. S (Speed) 31 | —172| —1/8| —1 


In Exp. II the conditions and procedures 
were identical to those of Exp. I, with the 
one exception that Ss were instructed to 
attempt to touch the designated target as 
soon as possible after the onset of the stimu- 
lus light. Both RT and MT were recorded. 
Data from the previous study (Fitts & 
Peterson, 1964) were used to predict RT, 
the equation being 


RT — 5.4 ID 4 261 msec. [4] 


The criterion setting was based on total 
predicted time, i.e, RT -- MT. Each S was 
again tested for nine sessions, nine condi- 
tions per session. 


RrsurTS 


For both experiments mean MTs 
were determined separately for each S 
for each of the nine combinations of 
amplitude and accuracy requirements, 
and for each of the three payoff condi- 
tions emphasizing speed vs. accuracy. 
Responses to right and left targets were 
pooled on the basis of current and 
previous findings that these are equiva- 
lent. Data from different sessions were 
also pooled since learning effects were 
also small. Thus MT data were avail- 
able for 30 responses for each S under 
each of the 27 task conditions. Similar 
RT data were available for Exp. II. 
The data were analyzed in two ways, 
first using the actual target width 
(value of W) employed in each task 
condition, and second, using a cor- 
rected value, W’. The correction em- 
ployed in estimating W’ was made for 
the purpose of adjusting the value of 
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ID for variations in error rates. In 
computing this correction it was as- 
sumed that the distribution of actual 
hits around the center of each target 
was normally distributed, as has been 
found to be the case in other studies of 
movement amplitude distributions (see 
Fitts, Bennett, & Bahrick, 1956 ; Wood- 
worth, 1899). The proportion of 
misses was used to estimate actual tar- 
get width in standard-deviation (stand- 
ard-score) units, and a new value, W”, 
was then calculated such that it should 
include + 2 standard-score units, or 
95% hits. This procedure follows the 
method employed recently by Cross- 
man (1960) and earlier by Woodworth 
(1899). 

Errors—The use of a payoff matrix 
resulted in substantially more errors 
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(28% overall) than had been made by 
Ss in earlier studies in this series, where 
payoffs were not employed. In par- 
ticular, Ss did not vary the speed of 
their movements sufficiently to achieve 
equal accuracy over the three target 
widths, overall errors being 47, 26, 
and 12%, respectively, for the !4-, 
¥%-, and l-in. targets. Adjustments 
for amplitude were more complete, 
since mean errors increased only 
slightly with increases in response am- 
plitude (26, 27, and 3146, respectively). 
For Exp. I the use of the three payoff 
conditions produced small but consist- 
ent variations in errors, these errors 
being 34, 27, and 2446, respectively, 
for speed, neutral, and accuracy condi- 
tions. However, in Exp. II there were 
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Fic. 2. Results of Exp. I and II based on ID’, corrected for error frequencies. 
(Data points for all 27 experimental conditions are shown for each S.) 


no consistent differences in errors over 
the three payoff conditions. 

Because of the substantial variations 
in errors for different task conditions, 
the authors feel that the data for the 
corrected estimates of task difficulty, 
ID’, which were equated for a 5% 
error rate, provide a more precise 
estimate of information output, even 
though the range of values for ID' is 
thereby reduced and the correlations 
with obtained RT and MT scores for 
the 27 conditions are lower than for 
means based on the five initial ID 
values. 

Reaction times.— Choice RTs in Exp. 
II were found to be significantly cor- 
related with the difficulty level of the 
subsequent movement (see Table 2). 
However, as in the previous study, it 
was also apparent that there was only 


a very small increase in RT as ID in- 
creased (about 7 msec. for each 1-bit 
increase in ID). Correlations between 
RT and ID' were slightly lower than 
the values for ID shown in Table 2. 


TABLE 2 


RELATION BETWEEN MOVEMENT DIFFICULTY 
AND REACTION TIME 


Cond. r RT (Msec.) 
Subject 1 
Accuracy 438 241 -- 4 ID 
Neutral 577 243 + 6 ID 
Speed 740 219 4-7 ID 
Subject 2 
Accuracy 895 195 +9 ID 
Neutral 813 221 +4ID 
Speed 898 199 + 8 ID 
Subject 3 
Accuracy :552 209 + 7 ID 
Neutral -155 225 + 10 ID 
Speed .134 198 + 6 ID 
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TABLE 3 
RELATION BETWEEN THE INDEX OF Task DIFFICULTY (ID) anp Move- 
MENT TIME (MT) UNDER THE "THREE PayorF CONDITIONS 
or THE Two EXPERIMENTS 
Original Values of W and ID Values of W’ and ID’, Corrected for Errors 
Exp. I Exp. II Exp. I Exp. II 
E "| 
on i i Equation 
Equation a) Equation Cor Equation Cor qui 
ES Constantss | Cor | Constants | pejation Constants | tation Constants 
(ID vs. (ID ys. (ID' vs. (ID! vs. 
Mo) tego |e eae [UN cn MD | Bil uc MT) | a |c 
Subject 1 
.965 | —.051 | .059 | .969 „035 | .040 | .792 | —.123 |.091 781 | 4.046 | .052 
x oso | —009 | L049 | ‘954 n ‘040 | 924 | —.088 | .081 | .823 | +.020 | .057 
S $19 | 032 |.037| :938 | -+.064] .033 | .933 | +.023 |.054 680 | +.107 |.034 
AUF 15 | —105|.072| .993 | —.031 | .064| .821 | —.151 | .088 803 | —.027 |.070 
N 1993 | —100|:071 | 973 | —017|.059 | .706 | —.108 | .082 851 | —.021 |.065 
S 996 | —.054 | 060 | .976 | +.021 7823 | —.078| 075 | .798 | +.027 |.052 
Subject 3 
AL 989 | 185 .089| .972 | —142|.085| .969 | -.170) .101) -929 —.058 |.082 
N 82 | —147|.078| .990 | —120|.080| .949 | —113|.086 |  .920 —1039 |.075 
S 382 | —333|.072 | :978 | —150|.085| 922 |—.171|.103| -903 —.036 | .072 


Note,—A = Accuracy, N = Neutral, S = Speed. 
aMT = B +C (ID) msec. 


Movement times —Linear equations 
were fitted to MT values for each S 
under each of the three payoff condi- 
tions in each experiment, using the 
least-squares method, and also to the 
pooled data for each S, using both ID 
values, based on W, and ID’ values, 
based on W’. These results, as well 
as correlations between ID values and 
MT scores, are summarized in Fig. 1 
and 2 and in Table 3. 


Discussion 


The equations derived from the present 
data agree closely with those obtained in 
the earlier experiment using six Ss with- 
out explicit payoff conditions (see Fitts 
& Peterson, 1964). Previously reported 
slope constants for mean RT and MT 
data fall within the range of individual 
differences found in the present study. 
The MT intercept constants for both 
studies are also quite similar, although 
the RT intercepts are slightly lower for 
the present Ss. 

The direction and magnitude of the re- 
sponse effects produced by changes in 
task conditions were highly consistent 


across all three Ss. Although Ss served 
sequentially in two experiments, positive 
transfer to Exp. II is assumed to have 
been negligible since the behavior studied 
here is highly overlearned. 

Constancy of information rate with 
different preparations for a response.— 
The rate of information processing by the 
human motor system, as inferred from the 
intercept and slope constants for ID' 
values, summarized in Table 3, appears 
to remain relatively constant regardless 
of whether Ss take as much time as they 
desire before initiating a response to 4 
designated target (Exp. I) or respond as 
quickly as they can following the occur- 
rence of one of two alternative signals 
(Exp. II). This conclusion is based on 
the fact that the individual Ss showed 
very small response changes when they 
shifted from a nonspeeded to a speeded 
(RT) condition. The changes which did 
occur were highly consistent, however. 
The corrected estimates of information 
rate, based on ID', for all three Ss under 
all three payoff conditions (nine com- 
parisons), reveal a lower intercept but à 
higher slope constant when unlimited 
time was permitted in preparing for à 
movement. The net result was somewhat 
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greater efficiency in executing the quicker 
(less difficult) movements when there 
was unlimited time for preparation, and 
equivalent performance for the most dif- 
ficult movements. 

These results agree with previous find- 
ings by Brainard, Irby, Fitts, and Al- 
luisi (1962) that information-transmis- 
sion rates are comparable in serial and 
discrete versions of several choice RT 
tasks. In that study slightly higher error 
rates in the serial task compensated for 
slightly faster RTs. Kay and Weiss 
(1961) have also reported comparable 
performance for serial vs. discrete RTs. 

The intercept constant was found to be 
negative for most of the functions relat- 
ing MT to ID. Thus low-difficulty move- 
ments are relatively more efficient than 
are ones of greater difficulty. It is ob- 
vious that all functions must show a flat 
portion at very small values of ID, how- 
ever, since even the least-difficulty move- 
ment will require some finite time for 
execution. 

Constancy of information rate with dif- 
ferent cognitive sets for speed vs. ac- 
curacy.—Changes in cognitive set for 
speed vs, accuracy had small but con- 
sistent and opposite effects on the slope 
and the intercept constants of Equation 
1. If the equations base on ID’ (Table 
3) are examined in detail, it can be seen 
that performance, measured in terms of 
information rate, is almost identical in all 
cases for movements of intermediate dif- 
ficulty executed under all three instruc- 
tional sets for speed vs. accuracy. Easier 
movements were executed more efficiently 
under accuracy instructions and more dif- 
ficult movements were executed more ef- 
ficiently under speed instructions. How- 
ever, the response effects of changes in 
cognitive set for speed vs. accuracy, pro- 
duced by the shifts in payoffs employed 
in these experiments, were small in mag- 
nitude. For example, shifting from a 
speed to an accuracy set had less effect 
on MT than did a 1-bit change in ID. 

Selection vs. execution of responses.— 
The present results, along with previous 
ones (Fitts & Peterson, 1964), support 
a distinction between decision and execu- 
tive processes in behavior. Cognitive 


factors, such as the set which S assumes 
prior to receiving a signal, are of great 
importance in determining the efficiency 
of subsequent discriminations, percep- 
tions, and choices among alternative re- 
sponses. However, cognitive variables, 
such as instructions, payoffs, or amount 
of time spent in preparing for a move- 
ment, appear to exert only a minor in- 
fluence on the processes involved in the 
actual execution of highly overlearned 
motor responses. This finding is con- 
gruent with what is known about over- 
learning effects in the motor system. 
Continued practice in a skill is assumed 
to result in the establishment of a hier- 
archical organization in which simple 
movements become relatively independent 
of cognitive control and are executed as 
open-loop responses (see Bryan, 1892; 
Woodworth, 1899). The present results 
also lend support to an earlier conclusion 
(see Fitts & Peterson, 1964) that the se- 
lection of one of a set of alternative move- 
ments and the subsequent execution of 
that particular movement are accom- 
plished by relatively independent proc- 
esses. 
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CONTEXT STIMULI IN VERBAL LEARNING AND THE 
PERSISTENCE OF ASSOCIATIVE FACTORS* 


ISABEL M. 
University of C. 


In a verbal paired-associate task, 
by different colors on study trial 
but the colors were omitted on 


. BIRNBAUM 


alifornia, Berkeley 


the verbal stimuli were surrounded 
s (when the pairs were presented), 
test trials. Facilitation of learning 


under these conditions has previously been attributed to cognitive dif- 
ferentiation. In the present study it was shown that, at the end of 15 


learning trials, associations had 


developed (a) between the verbal 


stimulus and the color which had surrounded that stimulus on study 


trials, and (b) between each color 


and the appropriate response. These 


findings support an associative interpretation of facilitation by context 


cues, even in the case where con 


In verbal paired-associate learning, 
the addition of a context stimulus, e.g., 
a color, to the verbal stimulus may fa- 
cilitate learning by providing an addi- 
tional cue for the response, or by mak- 
ing the stimuli more distinctive. Saltz 
(1963) introduced a procedure for the 
purpose of separating the cue proper- 
ties of context stimuli from the stimu- 
lus differentiating properties of context 
stimuli. When learning is carried out 
using alternate study and test trials, the 
context cue can be present on study 
trials, but absent on test trials when 
the verbal stimulus is presented alone 
—this condition will be referred to as 
color-no color (C-NC). In this condi- 
tion, color can become associated with 
the response, but color is not available 
as a cue on the test trials. Saltz as- 
serts that better performance in the 
C-NC group, when compared to a con- 
dition in which color is not present on 
study or test trials (NC-NC), cannot 
be attributed to an association between 
color and response, since the color is 

1 This research was carried out during the 
tenure of a United States Public Health 
Service Postdoctoral Fellowship (1 F2 MH- 
13,474) at the Institute of Human Learning. 
The Institute is supported by grants from 


the National Science Foundation and the 
National Institutes of Health. 


text cues are omitted on test trials. 


not available on test trials. However, 
as pointed out by Saltz, it is possible 
that color may facilitate correct re- 
sponding via mediation. The verbal 
stimulus on the test trial may evoke 
the color, which in turn provides an 
additional cue for the correct response. 

In Exp. II (Saltz, 1963) an attempt 
was made to minimize the effectiveness 
of such a strategy on the part of Ss by 
providing verbal cues (three-letter 
words) which were more easily asso- 
ciated with the responses than were 
the context cues. With these materials, 
the C-NC procedure still facilitated 
learning. Although the pilot study 
(Saltz, 1963) showed that more cor- 
rect responses were given when the list 
was learned with words alone as stim- 
uli than when colors alone were used 
as stimuli, it is still possible that facili- 
tation in the C-NC condition is pro- 
duced via mediation. If the verbal 
stimulus elicits the color on test trials, 
this may provide an additional, al- 
though less effective stimulus for the 
correct response. Hill and Wickens 
(1962) have shown that an advantage 
is gained by having more than one cue 
available for the correct response, in a 
case where both cues are approximately 
equivalent (in terms of learning rate) 
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when used as single stimuli. It does 
not seem likely that the advantage 
gained by providing an additional cue 
for a response would be completely 
eliminated when the cues are not 
equally effective as single stimuli. 

The following assumptions must be 
made in order to account for facilita- 
tion in the C-NC condition via media- 
tion: During the course of C-NC learn- 
ing, (a) the verbal stimulus is associ- 
ated with the surrounding color; (b) 
the verbal stimulus elicits some repre- 
sentation of the color on test trials; 
(c) the color is associated with the cor- 
rect response; (d) the implicit color 
cue increases the probability that the 
correct response will be given. The 
present study was designed to test the 
first of these assumptions, and to dis- 
cover whether or not a mediational 
chain, such as the one which is postu- 
lated to account for facilitation, can 
operate under conditions similar to 
those used in the C-NC procedure. 


METHOD 


Design.—There were three groups of 18 
Ss each. In each group, 9 Ss learned List A 
in OL and 9 Ss learned List B in OL. All 
groups received 15 trials with the C-NC pro- 
cedure in original learning (OL), and 5 min. 
later were given 10 trials on a transfer list 
(described below). For Groups I and II, a 
matching task intervened between OL and 
transfer, and for Group III there was no 
intervening task. Group I was given a word- 
color matching task, and Group II was given 
a color-response matching task. 

Materials —Two lists were used in OL, 
consisting of the 10-word nonsense-syllable 
pairs used by Saltz (1963) in Exp. II. Each 
stimulus word was outlined with a Ys in. 
colored rectangle (on the study trials only). 
The same 10 colors were used in List A and 
List B, and the lists differed only in the par- 
ticular colors which outlined each word. 
There were three different random orders 
of presenting the pairs on study trials and 
three different random orders of presenting 
the stimulus words on test trials. Each 
study-trial order was used equally often as 

a starting order. New orders were con- 
structed for the transfer list. 
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The transfer list was a mixed list consist- 
ing of five appropriate and five inappropriate 
pairs. The stimuli were the 10 colored rec- 
tangles which had appeared on study trials in 
OL, and responses were the 10 nonsense syl- 
lables from OL. An appropriate pair was 
one in which the nonsense syllable was 
paired with the same color it had been paired 
with on study trials in OL. An inappropriate 
pair was one in which the nonsense syllable 
was paired with a color other than the one 
with which it had been paired on study trials 
in OL. The transfer pairs may be consid- 
ered as two sets of five pairs each, desig- 
nated Set A and Set B. For half of the Ss 
(List A in OL), the pairs in Set A were 
appropriate, and the pairs in Set B were in- 
appropriate. For the other half of the Ss 
(List B in OL), the pairs in Set B were 
appropriate, and the pairs in Set A were in- 
appropriate. Thus, the appropriateness or 
inappropriateness of the pairs on the trans- 
fer list was determined by the particular 
color-word combinations on the study trials 
s OL, and all Ss learned the same transfer 
ist. 

Procedure.—The OL and transfer lists 
were presented on a Stowe memory drum 
using alternate study trials and test trials. 
A 2-sec. rate was used, with a 4-sec. inter- 
trial interval. In OL, the C-NC procedure 
of Saltz (1963) was used. On study trials 
the pairs were presented, and each stimulus 
word was outlined in a different color. On 
test trials, the stimulus word appeared with- 
out the surrounding color, and S was to spell 
the correct nonsense syllable. 

Group I was given a word-color matching 
task 125 min. after the last trial in OL. 
The S was given a sheet of paper on which 
the 10 stimulus words appeared in a column 
in a random order, with a blank space next 
to each word. A list of the 10 colored rec- 
tangles was shown to S, whose task was to 
pair each word with the appropriate color, 
ie, the color which had surrounded that 
word on the study trials in OL. The S had 
to make 10 pairings, even if guessing was 
necessary, and could use each color with 
only one of the words. The S was given 
2.50 min. in which to complete the task. 
There were three different random orders 
for listing the words and three different ran- 
dom orders for listing the colors, giving à 
total of nine possible combinations. Each of 
the nine combinations was used once within 
each subgroup of 9 Ss (e.g, there were 9 Ss 
in Group I who had learned List A in OL). 

Group II was given a color nonsense-syl- 
lable matching task. The procedure was es- 
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sentially the same as in Group I except that 
S was given a page with the 10 colored rec- 
tangles in a column in random order, and 
was shown a list of the 10 nonsense syllables. 
The S’s task was to match each color with 
the nonsense syllable which had appeared 
with that color on the study trials in OL. 
For Group III there was no task intervening 
between OL and transfer. 

The transfer list was presented with al- 
ternate study and test trials at a 2-sec. rate 
with a 4-sec. intertrial interval. The Ss 
were told that for some of the pairs, the 
color-syllable pairings would be the same as 
in OL, while for other pairs the color-syl- 
lable pairings would be different, All Ss 
were given 10 study-test trials on the trans- 
fer list, and were then given the Ishihara 
(1940) test for color-blindness. 

Subjects—A total of 54 Ss served in the 
experiment (plus 2 color-blind Ss who were 
replaced). The Ss were undergraduates at 
the University of California, Berkeley, who 
either received credit towards fulfilling a 
course requirement or were paid for their 
participation. The Ss were assigned to 
groups in blocks of three, with 1 S per group 
in each block. In each group, over each two 
blocks of the experiment, 1 S learned List A 
in OL and 1 S learned List B in OL. The 
assignment of running orders within each 
block and the assignment of starting orders 
in OL and transfer were determined by a 
table of random numbers. An additional 9 
Ss were run in an extra condition (described 
below) after the experiment was completed. 


RESULTS AND DISCUSSION 


Original learning —A two-way anal- 
ysis of variance of number of correct 
responses over 15 trials in OL shows 
that there was no significant difference 
between groups, F(2,48) < 1.00, or 
lists (A vs. B), F(1,48) = 1.36, and 
the interaction G x L was not signifi- 
cant, F(2,48) < 1.00. At the end of 
OL, 32 of the 54 Ss had not yet at- 
tained one perfect recitation. The mean 
number of correct responses on Trial 15 
for the combined groups was 7.96 (out 
of 10), and the mean total number 
correct over 15 trials was 82.8. 

Matching—Group I (word-color). 
On the basis of guessing, the expected 
value for the number of correct matches 
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(per 5) is 1 (Feller, 1957). The mean 
number of correct matches for the 18 
Ss was 3.66, or a total of 66 correct 
matches. Referring to the Poisson dis- 
tribution with expectation m = 18, the 
probability of obtaining a total of 33 or 
more correct matches on the basis of 
guessing in this situation is less than 
.001. The results indicate that Ss score 
significantly better than chance when 
required to match stimulus words with 
the colors which surrounded the words 
on study trials. Since preexperimental 
associative connections might influence 
Ss’ matching performance in such a 
way as to increase the number of cor- 
rect matches, the results were also ana- 
lyzed separately for Ss with List A 
and Ss with List B in OL. All Ss in 
Group I had been given the same items 
on the matching task, and correct 
matches were scored solely with re- 
spect to the particular list which S had 
learned. Thus, a correct match for 
List A in OL was not a correct match 
for List B in OL, and vice versa. If 
the number of correct matches is sig- 
nificantly better than chance for both 
sets of 9 Ss (List A or B) the results 
cannot be attributed to a bias from pre- 
experimental habits. With 9 Ss, the 
probability of obtaining a total of 21 or 
more correct matches on the basis of 
guessing is less than .001. The total 
number of correct matches for Ss with 
List A in OL was 26 (X = 2.88) and 
for Ss with List B in OL was 40 (X 
= 4.44). 

Group II (color-response). The to- 
tal number of correct matches for the 
18 Ss was 70 (X = 3.88), which is 
well beyond the .001 level of signifi- 
cance (33 correct matches, p <.001). 
Also, as found in Group I above, there 
was better-than-chance matching both 
for Ss with List A in OL and Ss with 
List B in OL (total number of correct 
matches = 40 and 30, respectively, p’s 
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<.001). Thus, at the end of OL there 
is an associative connection between the 
context cue and the correct response. 
The findings on the matching tasks 
in Group I and Group II are fully in 
line with predictions made by the 
mediation hypothesis. The existence 
of word-color associative connections 
makes it plausible to assume that the 
word, when presented alone, elicits 
some representation of the color which 
surrounded the word on study trials. 
The results also indicate that there is 
either a direct or a mediated association 
between the color and the appropriate 
response, The implications of this find- 
ing for the mediation hypothesis are 
discussed along with the transfer results 
at the end of this section. 
Transfer.—Each S's responses were 
divided into two categories: number 
correct on appropriate (Ap) pairs and 
number correct on inappropriate pairs 
(In). Over 10 trials, 39 of the 54 Ss 
(.72) had a higher total number cor- 
rect on Ap than In pairs (the obtained 
proportion differs significantly from .5, 
p <.002). Figure 1 shows the mean 
number of correct responses for the Ap 
and In pairs on each trial on the trans- 
fer list for Groups I, II, and III com- 
bined. In the three-way analyses of 


Appropriate 


Mean number correct 


Trials 


Fie. 1. Mean number of correct responses 
for appropriate and inappropriate pairs on 
the transfer list. 
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variance of number correct over 10 
trials of transfer (Ap vs. In; Groups; 
List A vs. List B in OL), the effect of 
Ap vs. In was significant, F(1,48) — 
17.22. Thus, the associative connec- 
tion between the context cue and the 
correct response can affect responding 
on a paced learning task. Table 1 
shows the mean number correct on Ap 
and In pairs for each group. Group 
III was included in the design because 
of the possible effects of the interven- 
ing matching tasks in Groups I and II 
on subsequent learning of the transfer 
pairs. The matching task, especially in 
Group II, might be expected to increase 
transfer effects, since associations which 
are related to the transfer task may be 
primed, or may be given the equivalent 
of additional learning trials during the 
matching task. As shown in Table 1, 
there was a smaller difference between 
the Ap and In pairs in Group III, but 
the difference between groups in the 
magnitude of the transfer effect is not 
significant, F(2,48) = 1.04 for the 
Groups X Ap vs. In interaction. 

The overall effect of List A vs. List 
B was not significant, F(1,48) « 1.00, 
but the interaction of Lists x Ap vs. In 
was significant, F(1,48) = 9.38, p < 
01. There was a large difference be- 
tween Ap and In with List A in OL, 
ie., when the five pairs in Set A on the 
transfer task were the appropriate pairs 
(mean number correct = 36.18 for Ap 
and 28.07 for In). With List B in OL, 


TABLE 1 


MEAN NuMBER or Correct RESPONSES ON 
AP AND IN PAIRS OVER 10 TRIALS 
OF TRANSFER 


Pairs 
Group 
Ap In 
I 32.72 26.22 
II 34.44 29.50 
IH 33.11 30.55 
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when the five pairs in Set B on the 
transfer list were appropriate, the dif- 
ference between Ap and In was much 
smaller (mean number correct — 30.66 
on Ap and 29.44 on In). These results 
suggest that, aside from specific trans- 
fer effects, Set B on the transfer list 
consisted of more difficult pairs than 
did Set A. When Set B, the difficult 
set, was appropriate, and Set A, the 
easy set, was inappropriate (List B in 
OL), the net effect of transfer from 
OL and difficulty of the set made per- 
formance on the sets approximately 
equivalent. On the other hand, when 
Set A was appropriate and Set B was 
inappropriate, the effects of difficulty 
and transfer work in the same direc- 
tion, and thus result in a large differ- 
ence between Set A and Set B. An 
additional group of 9 Ss was run in 
order to substantiate this suggestion 
that the sets on the transfer lists were 
not of equal difficulty. The general 
procedure was the same as was used 
with Group III (no task between OL 
and transfer), except that there were 
no colors present on the 15 study trials 
in OL. Thus, no specific transfer on 
the basis of color-response pairings 
from OL is possible in this group. The 
results show that Set A was in fact 
easier than was Set B, F(1,8) = 8.01, 
p <.05. These findings support the 
above interpretation of the significant 
Lists x Ap vs. In interaction which 
was found in the overall analysis. 
The assumptions of the stimulus dif- 
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ferentiation explanation of facilitation 
in the C-NC condition (Saltz, 1963) 
do not predict a difference between Ap 
and In pairs on the transfer list, where- 
as the mediation explanation predicts 
these results on the basis of either (a) 
a direct association between color and 
response (formed during OL), or (5) 
a mediational chain, color-word re- 
sponse. Further tests of the mediation 
explanation are required, since it is as- 
sumed that there is a direct color-re- 
sponse association and that a media- 
tional chain can be effective at a 2-sec. 
rate. The present results offer partial 
confirmation of the mediation explana- 
tion, since one of the mediation as- 
sumptions must be invoked to account 
for the transfer results. These results, 
taken together with the demonstration 
of an associative connection between 
the verbal stimulus and color, suggest 
that associative factors can account for 
facilitation in the C-NC condition. 
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2 experiments examined the relationship between search time and num- 
ber of targets searched for. The Ist experiment photographed S's eye 
movements as he compared 2 groups of letters to determine whether 
one was a subset of the other. The time spent searching the containing 
set increased in proportion to the number of target letters it con- 
tained. In this case, search time included the time spent recognizing 
all the targets. The 2nd experiment photographed S's hand move- 
ments as he canceled just-learned target letters in English text. 
Here search time was measured so that it excluded the accumulation 


of recognition times. 
targets being sought. 


A visual search task can be regarded 
as having three components: size of 
the target set, learning for or memory 
of the targets, and properties of the 
field that may contain those targets. 
Thus in order to establish that one 
group of letters is a subset of another, 
a person must read and remember the 
letters of the first group, and then find 
them in the second group. Previous 
work (Morris & Horne, 1960) has 
studied the effect of variations in the 
search field upon the time required to 
find one target. The present study 
observed the effect of varying the num- 
ber of different targets that were 
searched for. The S's eye movements 
were photographed as he first read the 
target letters and then searched for 
them in the containing set. 

Two questions were of primary in- 
terest: How many targets did S re- 
member for one glance from the subset 
to the containing set? And, did re- 
membering several targets together re- 
duce search time in comparison with 
the time required to search for the 


i This research was supported by Public 
Health Service Research Grant MH 08164 
from the National Institute of Mental Health. 
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and Saul Sternberg for their helpful com- 
ments. i: 


Search time still increased with the number of 


same number of targets one by one? 
It is well established that people can 
recall about seven letters after a single 
visual or auditory presentation when 
they are told to remember as many 
letters as they can (Brener, 1940). The 
present procedure, however, allowed S 
to store as many or as few letters as 
he wished. 

With reference to the second ques- 
tion, if S did remember several targets 
at once, but searched for them se- 
quentially, then the total search time 
would be proportional to the number 
of targets searched for. On the other 
hand, if some of the search operations 
for different targets were performed 
simultaneously, then the total search 
time for several targets would be less 
than the sum of the search times for 
each target sought individually, i.e., 
the average search time per target 
would decrease as the number of targets 
increased. Neisser (1963) has shown 
that simultaneous search can occur. 
His Ss searched for several letters just 
as rapidly as for one. The perform- 
ance measured was the rate at which 
the nontarget items in a list were 
scanned. This measure did not include 
the time required to recognize the 
target letters. After 12 days of prac- 
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tice looking for the same targets, as 
many as 10 different targets were 
searched for simultaneously (Neisser, 
Novick, & Lazar, 1963). There was 
evidence of simultaneous search even 
on the first day of practice when S 
scanned for two targets as fast as for 
one, and searching for 10 targets took 
only two and one half times as long as 
searching for one target. 

Neisser’s experiments measured 
search time for targets that were well 
learned, but not for targets stored in 
immediate memory. His earliest data 
were collected after S had three or 
five practice trials searching for the 
specified targets, and each speed score 
was based on pooled data for 12 or 14 
successive trials of searching for the 
same set of target letters. In contrast, 
the present study measured search time 
when S searched for the targets im- 
mediately after he learned what they 
were, 

In the first of two experiments re- 
ported in this paper, S’s eye move- 
ments were photographed as he de- 
cided whether one group of letters 
was a subset of another. The record 


` showed how often S looked from one 


group to the other, and allowed the 
time spent reading the subset to be 
measured separately from the time 
spent searching the containing set. By 
varying the number of letters in the 
subset, it was possible to discover the 
largest number of letters that were 
stored for a single glance from subset 
to containing set and to determine the 
function relating search time to number 
of targets. With this procedure, search 
time included the time spent actually 
recognizing all the targets. The second 
experiment eliminated the accumula- 
tion of target recognition time from 
search time. The S’s hand movements 
were photographed as he canceled tar- 
get letters in English text, and search 


rate was defined as the elapsed time 
between cancellations divided by the 
number of letters between canceled 
targets. 


EXPERIMENT I 
Method 


Subjects and apparatus.—The Ss were four 
undergraduate volunteers, who were paid for 
their services. 

A movie camera photographed S’s eyes at 
16 frames per sec., while a bite bar kept his 
head steady at a viewing distance of 15 in. 
from the display. An electric clock, cali- 
brated in hundredths of a second, was photo- 
Heg simultaneously to mark time on the 
film. 

The stimuli were 100 lines of typewritten 
capital letters, 5 lines on each of 20 
83 X11 in. pages. Each line was divided by 
a wide space into two parts. The distance 
from the first letter on the left to the first 
letter on the right was 3 in., and the vertical 
separation between successive lines was 2 in. 
The left letters were targets to be searched 
for on the right. The number of targets 
varied from 1 to 10, but was constant on any 
one page. The right group always contained 
10 letters. There were 10 lines for each 
number of targets. In 9 of these lines, the 
targets on the left were repeated in random 
order among the letters on the right. In the 
tenth case, one target that appeared on the 
left was absent on the right. The letters 
were selected randomly with the restriction 
that no letter occur twice in the same group. 
The following lines, e.g, appeared on one 


és 

Te XDK QXAUCRDKOT 
TMJ  ZTIHPLVJGX 
VQF OVMRFSAQYU 
IKB UGDKBEIMCT 
NFJ NPLHMJFRBS 


The eye-movement films were analyzed 
frame by frame. The eye was enlarged by 
projection to five times actual size, so that 
the direction of its gaze could be measured 
within +2° of visual angle. Since the sepa- 
ration between subset and containing set and 
between successive lines was more than tke 
there was no uncertainty about which group 
of letters S was looking at. The shift of S's 
gaze from one set to another was clearly in- 
dicated by a long saccadic eye movement. 
The duration that each set was inspected 
was obtained from the clock in the photo- 


graphs, 
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Fic. 1. Mean number of glances from sub- 
set to containing set as a function of the 
number. of letters in the subset. (Each curve 
is for a different S.) 


Procedure.—The task given S was to de- 
termine whether or not the left group was 
a subset of the right one. If all the targets 
on a line were present in the containing set, 
S made a check mark on a pad as he looked 
directly to the next line. When S discovered 
a target missing, he marked a dash. At the 
end of each page, S closed his eyes until the 
page was changed. After two practice sheets, 
the 20 test pages were presented in counter- 
balanced order. The S was told to work as 
fast as possible without sacrificing accuracy. 
The instructions did not mention the number 
of targets to be remembered or the number 
of glances to be made between the two 
groups. 


Results. 


Three measures were obtained for 
each of the 10 subset sizes: number of 
glances from subset to containing set, 
subset reading time, and containing-set 
search time. The averages do not in- 
clude data from the 10 lines with miss- 
ing targets nor from erroneous trials. 
Only five errors occurred: four by AC 
and one by LC; all were failures to de- 
tect a target that was present in the 
containing set. With few exceptions, 
each point in the following graphs is 
based on nine determinations per S. 

Glances from subset to containing 
set.—Three Ss remembered up to four 
targets at a time, but one retained five 
and sometimes even six letters at once. 
Figure 1 shows how the average num- 
ber of glances from the subset to the 
containing set increased as a function 


of the number of letters in the subset. 
Every S made one trip when there 
were four targets or less. For AC, A 
TC, and LC the number of glances rose 

to two when the number of targets in- 
creased to five, while GB still made 
one glance wtih five letters and occa- 
sionally even with six. Eight to 10 
targets usually received three glances, 
although GB carried 10 letters in two 
trips. Each S was fairly consistent in 
the number of glances that he made for _ 
a given subset size. There was little ` 
variability from one to five targets, 
where the mean SDs of the number of 1 
glances, averaged across Ss, were .00, 
.02, .10, .33, and .21 in that order. 
"There was slightly more variation from 

6 to 10 targets, where the mean SDs 
were .66, .67, .64, .58, and .49 in that 
order. 

Subset reading time.—The average 
time required to read the subset in- 
creased from .35 sec. for 1 letter to 
4.07 sec. for 10 letters. The rise in 


reading time was not linear, but was 
accelerated as shown by the lower curve 
in Fig. 2. The curve's steepening slope 
indicated that reading time per target 
increased as a function of the number 
of letters in the subset. 

Reading time per target was calcu- 
lated by dividing each subset reading 
time by the number of letters in that 
subset. These quantities were then 
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Fic. 2. Reading time and search time as 
functions of number of targets. (Each curve 
is the average of data from four Ss.) 
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treated by analysis of variance which 
showed that the increase in reading 
time per target was statistically sig- 
nificant, F (9,27) = 5.78, p <.001. In- 
dividual differences were also signifi- 
cant, F(3, 291) = 57.28, p <.001, but 
interaction was not, F (27, 291) = 1.87. 

Individual S’s reading times are 
plotted in Fig. 3. They all have the 
general formula y = ax + bx?, where 
y= the subset reading time and v = 
the number of targets. The curves in 
Fig. 2 and 3 were fitted by least 
squares. For the average curve, a — 
25 and b=.018. The individual 
curves have the following values of a 
and b, respectively: .20 and .017 for 
TC; .31 and .025 for LC; .30 and .011 
for AC; and .17 and .019 for GB. 

Reading time was the sum of several 
durations when the subset was looked 
at more than once. After S found all 
the targets that he had stored for one 
trip to the containing set, he located 
the place where he had stopped reading 
by rapidly scanning for the last letter 
he had stored. The number of trips, 
and consequently, the amount of such 
scanning increased with the size of the 
subset. According to this interpreta- 
tion, the constant a represents the basic 
reading rate in seconds per target, 
while b reflects the additional time re- 
quired to find the place where reading 
resumed. 

Containing-set search time.—The 
time spent searching was proportional 
to the number of targets. In other 
words, search time per target was €s- 
sentially constant over the range of 
subset sizes.  Containing-set search 


time was the sum of several durations _ 


when the containing set was examined 
more than once. Search time per tar- 
get was calculated by dividing each 
containing-set search time by the num- 
ber of targets in that set, and the re- 
sultant values were subjected to anal- 
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Fic. 3. Individual reading times and search 
times as functions of numbers of targets. 
(Data from different Ss are plotted sepa- 
rately.) 


ysis of variance. This analysis did 
not detect any significant variation in 
search time per target, F (9,27) = 1.28. 
Interaction too was not significant, 
F (27, 291) = .84, but differences be- 
tween Ss were, F(3, 291) = 21.08, p 
< 001. The average search time was 
84 sec. per target as indicated by the 
slope of the line in Fig. 2. Individual 
search times are plotted in Fig. 3. 
The slopes for TC, GB, AC, and LC 
were .67, .81, .90, and .97 sec. per tar- 
get, in that order. 


Discussion 


Search time per target remained con- 
stant as the number of targets increased, 
although two factors might have caused 
it to decrease: (a) S might have learned 
some letters of the containing set and 
then recognized them in the subset, or 
(b) he might have performed some of the 
search processes for different targets 
simultaneously. The fact that search time 
was proportional to number of targets in- 
dicates that neither factor operated. 

The S's failure to learn any containing- 
set letters that he was not searching for 
is consistent with Poulton's (1953) ob- 
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servation that the activity of recalling in- 
formation from memory blocks the simul- 
taneous learning of new material. In 
fact, S probably did not even identify the 
nontarget letters. Neisser (1963) has 
shown that a person can decide that a 
letter is not one that he is looking for 
without recognizing it as a specific letter. 
His Ss reported that as they scanned a 
list, the letters looked like blurs until 
the target “jumped out.” 

The proportional increase in search 
time observed in this experiment sug- 
gests that targets were searched for one 
after the other, rather than simultane- 
ously. Further evidence of sequential 
search was given by S’s verbal report 
that he generally found targets in the 
order they appeared in the subset, rather 
than the order they appeared in the con- 
taining set, and by eye-movement films 
that showed S looking back and forth 
within the containing set. These results 
may seem to contradict Neisser’s report 
that S can search for several targets as 
rapidly as for one. There are, however, 
two differences in procedure that may 
account for this disparity. One differ- 
ence is that in Neisser's experiment, S 
stopped searching as soon as he found 
one target, and search time was com- 
puted so that it did not include target 
recognition time; whereas in the present 
experiment, S searched until he found 
every target, and recognition time for all 
the targets was included in the computed 
search time, The additional searching 
and remembering needed to find all the 
targets could have been a major factor in 
the increase in search time with number 
of targets. The second difference is that 
Neisser's Ss practiced searching for the 
same targets repeatedly, while in the 
present case S searched for the targets 
immediately after they were designated. 

The following experiment was designed 
to determine the function relating search 
time to the number of targets in immedi- 
ate memory, when the need to keep track 
of which targets have been found is not 
part of S's task, and the accumulation of 
target-recognition time is eliminated from 
the search-time scores. 
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ExPERIMENT II 
Method 


Three male graduate students served as Ss. 
Their task was to search for and cancel cer- 
tain letters in blocks of newspaper copy, one 
column wide. The number of letters searched 
for in any one trial varied from one to five. 
Preliminary testing had shown that most Ss 
could not remember more than five letters 
when they had to search for them immedi- 
ately. These letters were chosen at random 
from the alphabet. Each S received 25 trials, 
5 for each number of targets. The number 
of targets presented in successive trials was 
counterbalanced in a Latin-square design. A 
trial was about 24 sec. long. 

At the start of each trial, E read aloud the 
names of the target letters for that trial. 
The S repeated these letters once and im- 
mediately began scanning the text, canceling 
the designated letters with a pencil. He was 
instructed to work as quickly as possible 
without making errors. 

Hand movements were photographed with 
a 16-mm. movie camera running at 13 frames 
per sec. The Ss naturally adopted the prac- 
tice of moving the point of the pencil under 
each line of text as they read it. Search 
time for a sequence of nontarget letters was 
measured by counting the number of frames 
from just after the end of one cancellation 
to just before the beginning of the next. 
Dividing this elapsed time by the number of 
letters between the two canceled targets 
yielded search time per nontarget letter. 
Sequences in which an error occurred were 
excluded from the computed average search 
time. There were few errors and all were 
failures to cancel a target. 


Results 


The results are summarized in Fig. 
4. which shows search time per non- 
target letter as a function of number of 
targets. The first three points for all 
three Ss fall on straight lines through 
the origin. Such a line is the graph of 
a proportional relationship. For these 
points, therefore, search time was di- 
rectly proportional to the number of 
targets being searched for. That is, 
searching through the nontarget letters 
was half as fast with two targets and 
one third as fast with three targets as 
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Fic. 4. Search time per nontarget letter 
is plotted against the number of targets 
searched for. (The lines for $s GG and 
WM are fitted through their first three 
points; TC's line is fitted through all five 
points.) 


it was with one. This relationship 
held for up to five targets for TC. 
The Ss GG and WM, however, showed 
a greater than proportional increase in 
search time with four and five targets. 
TTheir fourth and fifth points are mark- 
edly above the extensions of the lines 
that pass through their first three 
points. Although these Ss could easily 
repeat the names of four or five targets 
after hearing them, they had difficulty 
remembering that many targets while 
searching for them. They had to keep 
repeating the target names to them- 
selves, and this activity hindered their 
search performance. Undoubtedly, TG 
would have encountered similar diffi- 
culty if the number of targets had been 
further increased. 


Discussion 


When a person searches for several 
different targets at once, he may con- 
ceivably combine the operations required 
to search for each individual target im 
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either of two ways, or in a mixture of 
the two. He may perform the operations 
simultaneously so that it takes no longer 
to search for several targets than for one, 
or he may perform them sequentially so 
that search time is proportional to the 
number of targets being sought. Neisser 
and his associates demonstrated that 
search for well-learned targets is simul- 
taneous; the present study indicates that 
search for targets just specified is sequen- 
tial. 

When S searched for several targets 
immediately after he learned what they 
were, his search time was proportional to 
the number of targets searched for. This 
does not mean that S scanned a line of 
letters deliberately looking for only one 
target and then scanned the letters again 
to look for the next target. On the con- 
trary, S reported that he tried to look 
for all the targets at once. Nevertheless, 
the search operations for individual tar- 
gets sought together was approximately 
equal to the sum of the search times ob- 
tained when each target was sought sepa- 
rately. 
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Effects of reduced percentage of occurrence of stimulus members (96 
OSM) and meaningíulness of stimulus and response components on 
forward and backward recall of PAs were determined. 2 measures 
were collected for forward and backward recall, a measure of response 
(forward), or stimulus (backward), recall without stimulus (or re- 
sponse) cues; and, a measure of associative (S-R or R-S) recall. 
Response M and 96 OSM were directly related to forward recall, 

while response M, stimulus M, and % OSM varied directly with back- 

ward recall (ps «.001). % OSM had a negative effect on S-R 
recall, with parallel but reduced effects on free-response recall. This 
result suggested that reduced % OSM effected the response-learning 
stage of PA learning through Ss decreased attention to PA elements 


not presented together on particular trials. 


Two methods have been developed to 
study fixed-ratio partial reinforcement 
within the framework of paired-associ- 
ate (PA) learning. Goss, Morgan, 
and Golin (1959) varied the percent- 
age of occurrence of response members 
(% ORM), while Goulet and Kausler * 
varied partial reinforcement by reduc- 
ing the percentage of occurrence of 
stimulus members (% OSM) through- 
out PA learning. Both % ORM (Goss 
et al, 1959; Kausler, McLaughlin, & 
Kulik, 1962; Schulz & Runquist, 1960; 
Wilcoxon, Wilson, & Wise, 1961) and 
% OSM (Goulet & Kausler) have di- 
rect, negative effects on PA learning; 
however, little evidence has been pro- 
vided as to the mechanisms operating 
when Ss learn under such PA partial 
reinforcement, 

Reducing % ORM usually has a 
minimal effect upon PA learning unless 
J ORM is held below 50%. In view 
of this relatively small effect, various 
compensatory mechanisms have been 


1 Now at West Virginia University. 
? Now at St. Louis University. 
3 Unpublished experiment. 


suggested which would counterbalance 
the negative effect of omitting response 
members. Goss et al. (1959), and 
Schulz and Runquist (1960) have 
stated that reduced % ORM results in 
decreased response competition in the 
early stages of PA learning. Wilcoxon 
et al. (1961) have suggested that re- 
duced % ORM results in more effi- 
cient utilization of the information pre- 
sented per trial because of increased 
attention and motivation of Ss. Kaus- 
ler et al. (1962), who found an inverse 
relationship between R-S (backward) 
learning and % ORM, stated that the 
effects of % ORM may be counter- 
balanced by the increased opportunity 
to differentiate the stimulus compo- 
nents, 

Two general conclusions can be 
drawn from the above studies investi- 
gating % ORM and % OSM: (a) The 
deleterious effects upon learning are 
generally slight and are not comparable 
to the effects observed in other investi- 
gations employing fixed-ratio partial- 
reinforcement schedules (e.g., eyelid 
conditioning, Grant & Schipper, 1952) ; 
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(b) The effects of % ORM and % 
OSM are essentially of the same mag- 
nitude, an effect not expected within 
the framework of Underwood and 
Schulz's (1960) stage analysis of PA 
learning. In this analysis, where PA 
learning is divided into a response- 
learning stage and an associative stage, 
response learning is considered the ma- 
jor determinant of the speed of PA 
learning. Thus, % ORM should have 
an effect much greater than that of 76 
OSM. 

The present experiment was de- 
signed to provide evidence with respect 
to some of the underlying factors influ- 
encing PA learning under % OSM 
partial reinforcement. Specifically, the 
effects of % OSM and meaningfulness 
(M) of the stimulus and response com- 
ponents on forward and backward re- 
call of PAs were investigated. In ad- 
dition, two types of recall measures 
were collected for both forward and 
backward learning. The first, desig- 
nated associative (A) recall, was the 
conventional method involved in tests 
of S-R and R-S learning. It involved 
the presentation of the stimuli (or re- 
sponses) to S and recording the re- 
sponses (or stimuli) correctly paired in 
the S-R or R-S recall test, respectively. 
The second measure, free (F) recall, 
involved giving S the task of providing 
all responses (or stimuli) irrespective 
of the stimuli or responses paired with 
them. Under F recall tests, S was not 
provided with stimuli (or responses) 
which could serve as discriminative 
stimuli or cues for recall in forward 
and backward learning, respectively. 
Essentially, forward learning F recall 
data (F,) provides a measure of “pure” 
response integration; i.e., a measure of 
the degree of response learning unin- 
fluenced by the associative relationship 
between stimuli and responses. Back- 
ward F recall data (Fs) allows for 
measurement of the degree of stimulus 
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integration; i.e., the degree to which 
the stimulus serves as a “response-like” 
or integrated unit in R-S acquisition. 

The effect of % OSM on the degree 
of associative and free recall allows for 
some interesting predictions with the 
framework of Underwood and Schulz's 
(1960) stage analysis. Reducing 46 
OSM should not have an effect on F, 
recall inasmuch as the pairing of stimu- 
lus and response is not necessary for a 
correct response. Under A, recall, ac- 
quisition should be detrimentally ef- 
fected because of the reduced oppor- 
tunity of associating stimuli to re- 
sponses. With respect to backward re- 
call data, both measures (F, and As) 
should be negatively effected under re- 
duced levels of % OSM because of the 
limited opportunity for stimulus inte- 
gration amd associating responses to 
stimuli, 


METHOD 


Experimental design—A 2X 2X 2X 2 
"mixed" design was utilized for analysis of 
the forward and backward recall data. 
Stimulus M (two levels; high, low), re- 
sponse M (two levels; high, low), and 
type of recall measure (two levels: F vs. 
A recall) served as "between" factors, 
with % OSM (two levels; 100%, 25%) as 
the “within” factor. 

Lists—Four 12-pair PA lists were con- 
structed from the AV norms presented by 
Archer (1960). All combinations of low 
(L) and high (H) stimulus and response 
M were represented; ie, an H-H, H-L, 
L-H, and L-L list. High M syllables within 
a list had a mean AV of 93% whereas low 
M syllables had a mean AV of 19%. Intra- 
list similarity was held to a minimum. 

% OSM.—Six pairs from each list were 
randomly placed into the 25% OSM level. 
The stimuli for these pairs were paired 
with the responses once per block of four 
trials with the restriction that no more than 
two nor less than one 25% OSM stimulus 
be presented on each trial, On trials where 
a stimulus was omitted, it was replaced by 
a dashed line. Pairs constituting the 10076 
OSM level had stimulus and response pre- 
sented together on each trial. It should be 
noted that, with % OSM as a within-S 
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factor, seven or eight pairs were presented 
to S on each training trial. With % OSM 
as a between-S factor, either 12 (100% 
OSM) or 3 (25% OSM) pairs would have 
been presented to S on each trial. 

Two different List —% OSM orders were 
constructed; ie. pairs assigned to the 25% 
OSM level in the first order were placed 
in the 100% OSM level in the second order 
to control for possible confounding of % 
OSM by pair difficulty. 

Procedure.—Eighty students enrolled in 
lower division psychology classes served as 
Ss and were randomly assigned to the List 
—% OSM order-recall task conditions in 
order of appearance in the laboratory. All 
Ss were given instructions to learn in the 
forward direction, with no mention of the 
forthcoming backward recall measures, The 
Ss assigned to F recall conditions were not 
informed that anything but S-R (Ar) recall 
would be tested. 

The “blocking” method of PA presenta- 
tion (Lockhead, 1962) was used. Pairs 
were presented at a 2-sec. rate on a Lafay- 
ette memory drum (training) and Ss were 
tested for recall immediately after the com- 
plete list had been presented. The Ss were 
not required to articulate during training. 
Serial-position effects were controlled by 
random manipulation of ordinal position of 
ae PA pairs (four arrangements) for each 

ist. 

All Ss were given 8 learning trials with 
each trial involving the training and test 
tasks. The Ss assigned to the A recall 
condition were tested for A. recall after 
training on each trial and for A, recall on 
Trials 4 and 8. The Ss assigned to the 
F recall condition were tested for Ar recall 
after training on each trial except 4 and 
8. On the latter trials an F, recall test 
was given, followed immediately by an F, 
recall test. Thus, the training task was 
identical for all Ss on all trials. Similarly, 
the test task between groups was identical 
on all trials except 4 and 8, where Ar, then 
An or, Fs, then Fy tests were given. 

The test for Ar recall was accomplished 
by giving S a sheet of paper containing the 
12 stimuli with instructions to fill in the 
responses opposite the correct stimuli. For 
A, recall, the 12 responses were printed 
on the page. On F; or F, recall tasks, 5 
was given a blank paper and was asked 
to provide all responses (or stimuli) that 
he could remember, irrespective of the stim- 
uli (or responses) paired with them, Thirty 
seconds were provided for each of the for- 
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ward (A, or Fr) or backward (A, or F.) 
recall tasks. 


RESULTS 


Forward recall—Table 1 presents 
mean correct anticipations for forward 
recall at Trials 4 and 8 as a function of 
the treatment variables, Separate sta- 
tistical analyses were performed at Tri- 
als 4and 8. As was expected, response 
M was a significant source of variance 
with Fs(1,72) = 34.75 and 45.23, p's 
< .001 at Trials 4 and 8, respectively. 
Recall means were greater under high 
response M. The stimulus M main ef- 
fect was not significant (both Fs < 1), 
as also was not the difference between 
the A, and F, recall means, with Fs(1, 
72) = 3.68 and < 1 for Trials 4 and 8. 
A negative effect of % OSM, Fs(1,72) 
= 142.52 and 198.82, p’s < .001, was 
also demonstrated with superior per- 
formance under the 100% OSM level 
being maintained across all treatment 
conditions, A significant Response M 
X % OSM interaction was found at 
Trial 4, with an F(1,72) = 6.16, p < 
025. Learning under high response M 
was greater under 100% OSM than 
for 2596 OSM, with a reduced effect 
for the same comparison under levels 
of low response M. This effect was not 
present (F <1) for the analysis at 
Trial 8. 

Of special interest is the interaction 
of % OSM with recall task. As pre- 
dicted, under 25% OSM F, recall was 
greater than A, recall, but the magni- 
tude of the difference was much less 
than was expected. Although the in- 
teraction was significant for both analy- 
ses, F(172) — 541, p<.025 and 
13.44, p < .001, reduced % OSM had 
concomitant detrimental effects on both 
F, and A, recall. This difference (Fr 
vs. Ay means under 25% OSM, pooled 
over lists) was tested using the New- 
man-Keuls test for correlated measures 
(Winer, 1962) with the pooled within- 
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TABLE 1 


MEAN Correct RESPONSES FOR 


FORWARD AND BACKWARD RECALL 


AT TRIALS 4 AND 8 


Forward OSM Backward OSM 
Recall Task 4 8 eal 4 8 
100% 25% 100% 25% 100% 25% 100% 25% 
H-H 
Ar 4.0 2 4.9 14 2.6 ti. 3.2 1.0 
ü E 3.0 1.0 34 24 2.1 Ak 2.8 1.0 
Ar 2.7 A 4.0 14 1.3 E 1.8 5 
F; 31 1.9 3.8 2.5 6 jt 1.0 9 
H-L 
Ar 19 a 1.9 ES 1.1 0 1.6 is 
F: 1.9 A 2.6 8 14 al 2.0 1.0 
L-L 
Ar 1.7 0 2.9 0 6 0 1.0 0 
Fr 1.8 2.3 3 8 0 1.1 RU 


cell mean squares as the estimate of 
error variance (Winer, 1962). This 
comparison yielded an F(1,144) = 
8.90, p < .005 and 671, p < .025, for 
the 4- and 8-trial analyses. Under 
100% OSM the ordering of F; vs. Ar 
means was reversed, with A, recall ex- 
ceeding F, recall. The means for F, 
and A, recall for each % OSM level 
at Trial 4 are: 25% OSM: Fr = 0.90, 
A, = 0.18; 100% OSM: F; = 245, Ar 
= 248. The comparable means at 
Trial 8 are: 25% OSM: F, = 1.42, Ar 
= 72; 100% OSM: F, = 3.02, A: = 
342. 

It is evident that reduced % OSM 
had a negative effect on both Fr and A, 
recall, This result is further high- 
lighted by the fact that on Trial 4, 31 
out of 40 Ss assigned to the F, treat- 
ment recalled fewer responses under 
25% OSM than 100% OSM. As 
stated previously, % OSM should have 
a null effect on F; recall. With the A. 
treatment, where a detrimental effect 
of reduced % OSM was expected, 36 
of 40 Ss recalled fewer responses under 
25% OSM. 

Backward recall—Table 1 reports 
summary data for backward recall at 


Trials 4 and 8. The main effect of re- 
sponse M was highly significant, F(1, 
72) = 10.15, 10.12, p < .005 at Trials 
4 and 8 as were the main effects of 
stimulus M, F(1,72) = 13.56, 16.30, p 
« 0001. Performance varied directly 
with M of both the stimulus and re- 
sponse components. Backward recall 
was also a function of % OSM level, 
F(1,72)= 92.81, 84.54, p <.001. How- 
ever, as was predicted, % OSM did 
not interact with the recall task varia- 
ble, F(1,72) = 1, 2.86 in either analy- 
sis, The main effect of recall task was 
not significant (both Fs < 1) nor were 
any other interactions significant. 


Discussion 


The data collected in the present experi- 
ment provided considerable insight into 
the nature of the effect of % OSM on PA 
learning. As shown in Table 1, reduced 
% OSM had an unexpected, but pro- 
nounced negative effect on both F, and 
A, recall. 

The constancy of the effect was evi- 
dent, with no inversions, across all com- 
binations of stimulus and response M at 
Trials 4 and 8. A parsimonious interpre- 
tation of this result, and one supported by 
the data, is that Ss do not attend to the 
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pairs that have one of the members absent 
on any particular trial. As stated previ- 
ously, with attention to all elements pre- 
sented on each trial reduced % OSM 
should not have an effect on F, recall. 
This result was not found as % OSM had 
only a slightly (though statistically sig- 
nificant) smaller negative effect on F, 
recall (as compared to A, recall). If this 
interpretation is correct, the effects of % 
OSM partial reinforcement are mani- 
fested indirectly through decreased re- 
sponse learning. 

A further implication of this interpreta- 
tion relates to the variable, % ORM. By 
definition, % ORM should affect response 
learning in a negative manner and this 
effect should manifest itself both in the 
associative (A,) and free recall (F,) 
measures. The parallel results for 95 
OSM obtained in this study yields the 
conclusion that both % ORM and 95 
OSM affect PA learning in the same 
manner, that of decreasing the rate of 
response learning. For % ORM, the 
effect upon response learning would be 
direct through the decreased opportunity 
to learn the responses. For % OSM, the 
effect would be indirect through Ss de- 
creased attention to the response elements 
not paired together on particular trials. 

With respect to backward recall scores, 
stimulus M, response M, and % OSM 
each had pronounced effects on both F, 
and A, learning. With practice primarily 
in the forward (S-R) direction, stimulus 
integration and thus R-S learning, is ap- 
parently dependent upon the amount of 
time that S' can allocate to learning the 
stimulus elements. With low response M, 
and greater difficulty of response integra- 
tion, Ss may be expected to have less time 
to attend to and learn the stimulus ele- 
ments. A similar interpretation has been 
given within an incidental learning frame- 
work (Mechanic, 1962; Postman, Adams, 
& Phillips, 1955), 

A final note should be made about the 
use of repeated tests for A and F recall 
at Trial 4 and then again at Trial 8. 
After the first test at Trial 4 Ss could 
modify their set to learn and thus con- 
taminate later data. This Possibility does 
not seem relevant in view of the con- 
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stancy of the effects obtained at Trials 
4 and 8 for both the forward and back- 
ward recall data. In addition, this criti- 
cism does not apply to the analysis at 
Trial 4 in that Ss were unaware that a 
change in the method of recall was about 
to be implemented. 
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Ss predicted the occurrence of 1 of 2 alternative events on successive 
trials in a probability learning task. Each trial began when some or 


all of a group of signal lamps wer 


the number ot signal lamps lit on each trial. 


elit The independent variable was 
According to a prediction 


of stimulus sampling theory, learning is faster the greater the number 


of signal lamps lit. 
prediction. 


pendent variable to increase the power of the experiments. 


differences were found only betwe 


6 experiments were performed further to test this 
The lst-order stimulus dependency was used as the de- 


Reliable 
en that condition in which all signal 


lamps were lit and those several conditions in which only some of the 


signal lamps were lit. 


No reliable differences were found among these 


latter several conditions, in contradiction to theoretical prediction. 


The first 10 yr. of experimental work 
on Estes’ (1950) stimulus sampling 
theory have been almost entirely lim- 
ited to one experimental task, that of 
probability learning as introduced by 
Humphreys (1939). Despite impres- 
sive initial success in explaining the 
probability-matching phenomenon dis- 
covered by Grant, Hake, and Hornseth 
(1951), the recent weight of evidence 
has been against the theory. 

Perhaps the most serious problem for 
the theory concerns aspects of the be- 
havior other than the mean learning 
curve, Thus the negative recency ef 
fect (Jarvik, 1951), event-alternation 
behavior (Anderson, 1960), and the 
effects of the conditional probability 
schedules introduced by Hake and Hy- 
man (1953), all present difficulties for 
the theory. More generally, the theory 
has been unable to account for the se- 
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I wish to thank Alfred Barrios, Robert 
Grotz, Ralph Stewart, and especially Ann 
Jacobson for their help in this work. 


quential dependencies in the data (An- 
derson, 1960, 1964), except perhaps in 
the experiment of Friedman, Burke, 
Cole, Keller, Millward, and Estes 
(1964). 

However, these discrepancies might 
only reflect complicating response tend- 
encies, possibly of preexperimental ori- 
gin (Estes, 1964), that contaminate and 
obscure the basic stimulus conditioning 
process envisaged by the theory. Tf so, 
the basic assumptions of the theory 
might be correct even though the theory 
was wrong in its detailed predictions. 

There would remain, nevertheless, 
one experiment which could still pro- 
vide a critical test of the theory. This 
is the extremely ingenious experiment 
of Burke, Estes, and Hellyer (1954) 
on stimulus variability. In this two- 
choice task, S’s signal to predict was 
the illumination of some of 12 signal 
lamps. Within the theory, each lamp 
was assumed to correspond to a set of 
stimulus elements, On any trial, il- 
lumination of a given lamp would ac- 
tivate a certain proportion of the ele- 
ments of the corresponding set, and 
these would become conditioned to the 
response correct on that trial, Illumi- 
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nation of two signal lamps would, of 
course, activate twice as many stimulus 
elements. Ignoring background stimu- 
lation common to all trials, learning 
would then be twice as fast when two 
rather than one of the 12 signal lamps 
were lit on each trial. 

In this 12-lamp experiment, three 
groups were run on a 90: 10 frequency 
schedule. All 12 signal lamps were lit 
on every trial for one group. Each 
signal lamp was lit with probability $ 
for a second group, and with probabil- 
ity 4 for a third group. The prediction 
derived from stimulus sampling theory, 
by the above rationale, was that the 
first group would learn fastest, the 
third group would learn slowest, and 
the second group would lie halfway be- 
tween, The groups did lie in the ex- 
pected order, and a significant differ- 
ence was obtained. This result received 
qualitative support from Kalman 
(1961). 

If the theoretical interpretation of 
this result is correct, it constitutes a 
striking confirmation of the validity of 
the concept of the stimulus sample 
which is basic to the theory. And as 
will be seen below, it provides a test of 
the theory even in the presence of com- 
plicating response tendencies, 

However, this theoretical interpre- 
tation is open to objection since the 
difference between the second and third 
groups was quite small. The major 
effect was between the first group, for 
which all signal lamps were lit, and the 
remaining two groups for which only a 
random subset of signal lamps was lit. 
The slower learning of these latter two 
groups might result, for instance, from 
a distracting influence of the variable 
signal stimulus. Accordingly, a more 
definitive confirmation of the predicted 
result would be desirable, 

Unfortunately, direct replication of 
this experiment is risky. With an N of 
72, the between-groups difference was 
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significant at slightly better than the .05 
level. A power calculation (Dixon & 
Massey, 1957, Ch. 14) yields a best 
guess of the probability of a successful 
replication of not much over one half, 
The failure of Friedman et al. (1964) 
to support the earlier result may have 
been due to lack of power. 

Considerably greater power may be 
obtained with no essential change in 
the experiment by employing a different 
dependent variable based on an analysis 
of sequential dependencies (Anderson, 
1959). Let the probability of predict- 
ing event E; (response A,) for a given 
S on Trial n be p(A; on n). Let 0 be 
the proportion of stimulus elements ac- 
tivated by a single lamp, and suppose 
for the moment that background stimu- 
lation is zero. Suppose that & signal 
lamps are activated on Trial n. There 
are then two cases to consider. 

First, if event E, occurs on Trial n, 
then the response probability on Trial 
n + 1 will have increased to become 


b(A, onn 4 1 | E, on n) 
= p(4, onn) 


+k6[1—p(A,onn)]. [1] 


The second term on the right of 
Equation 1 is the increment in response 
probability which is seen to be propor- 
tional to k, the number of signal lamps 
lit. 

Second, if event Es occurs on Trial 
n, then the response probability on 
Trial n + 1 will have decreased to be- 
come 


?(A, onn + 1| E, onn) 
= P(A, on n) 


— kép(4ionn). [2] 


The second term on the right of 
Equation 2 is the decrement in response 
probability which is seen to be propor- 


tional to k, the number of signal lamps 
lit. 
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Subtracting Equation 2 from Equa- 
tion 1 yields 


p(A, on n + 1| E, onn) 
— p(A,onn + 1| E, on s») 
—hb06b—1,2,... [3] 


Equation 3 forms the basis of the 
present work. The difference between 
the sequential dependencies on the left 
side may be estimated directly from 
the data, Stimulus sampling theory 
then predicts that these empirical dif- 
ferences will plot as a straight line func- 
tion of k with slope @. Inclusion of 
background stimulation in the deriva- 
tion would only add a constant to the 
right side of Equation 3, leaving the 
conclusion unaffected. 

A considerable theoretical advan- 
tage of Equation 3 is that it should hold 
even in the presence of complicating 
response tendencies. With a 50:50 
frequency schedule, in particular, nega- 
tive recency effects, alternation respond- 
ing, and other complicating response 
tendencies will affect the two sequen- 
tial dependencies equally. Such tend- 
encies will then be factored out in tak- 
ing the difference between the two de- 
pendencies. 

In addition, the sequential depend- 
ency analysis increases the power of 
the experiment in two ways. In the 
original 12-lamp experiment, asymp- 
tote was reached quickly so that only 
the first 20 trials of the experiment pro- 
vided useful information. However, 
the asymptotic portion of the learning 
curve also contains information (An- 
derson, 1959) which is utilized by the 
present procedure so that several hun- 
dred trials may be employed. In addi- 
tion, different values of k may be used 
on different trials for each S. Each S 
thus serves as his own control produc- 
ing a further increase in the power of 
the experiment. 


METHOD 


Overview—The S's task was to predict 
which of two events, E: or E» would occur 
on successive trials. E; and Es occurred ran- 
domly, and with equal frequencies in most 
experiments. The lighting of a specified 
number of signal lamps was the signal for 
S to respond. There was no relation be- 
tween the signal lamps that were lit and the 
event that occurred. 

The main independent variable was k, the 
number of signal lamps lit on a trial. The 
main dependent variable was the difference 
between two sequential dependencies as de- 
fined at the beginning of the Results section. 
The further details of method may not be 
necessary for an initial reading of the results, 
except that the geometry of the signal-lamp 
display became important in the analysis of 
Exp. V. 

Procedure.—The Ss sat at a table contain- 
ing a 6 X 10 in. response box with two keys. 
They were instructed to predict which of two 
green lamps would occur on successive trials 
by pressing the appropriate key just as the 
signal lamps went off. They were told to 
try to learn to make as many correct predic- 
tions as possible, that it was not possible to 
be correct every time, but that they should 
keep trying. After six practice trials to 
establish the tempo, the room lights were 
turned off, and the assigned stimulus se- 
quence run off without interruption. 

Stimuli were programed by Western Un- 
jon tape readers, and events and responses 
were recorded by an impulse recorder. On 
each trial, the signal lamps were lit for 3 
sec., 1 sec. later the event lamp flashed for 
1 sec, and 1 sec. after that the signal lamps 
were lit for the next trial. 

The Ss were volunteers fulfilling a course 
requirement in introductory psychology. They 
were run individually except in Exp. VI in 
which they were run one or two at a time. 
The Ns were 36, 36, 48, 48, 120, and 105 for 
Exp. I-VI, respectively. The Ss were as- 
signed randomly to the various conditions 
within each experiment. 


Signal Lamp and Event Displays 


Experiments I and II—The 18 X 18 in. 
signal-lamp panel contained eight white, 6-v., 
25-amp. lamps evenly spaced on a circle of 
12-in. diameter. These signal lamps were 
symmetrical about the vertical diameter with 
the two topmost lamps on a horizontal line. 

Experiments III-VI.—The 18 X 18 in. sig- 
nal-lamp panel contained 12 white, 6-v., .25- 
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amp. lamps, 1 at each 4-hr. position on a 
circle of 12-in. diameter. The lamps at clock 
positions 12:30, 1:30, 2:30, etc, were num- 
bered 1, 2, 3, etc. These lamps were grouped 
by 3s, or by 4s in the various experiments. 
Each group functioned as a unit so that all 
lamps of a given group were lit or not lit 
together. 

In Exp. III, there were three groups of 
four lamps: (1, 2, 3, 4), (5, 6, 7, 8), and 
(9, 10, 11, 12). 

In Exp. IV and V, there were four groups 
of three lamps: (1, 2, 3), (4, 5, 6), (7, 8, 9), 
and (10, 11, 12). Here, it may be noted, 
each group occupied one quadrant of the 
circle. 

In Exp. VI, there were three groups of 
four lamps: (1, 2, 11, 12), (3, 4, 9, 10), and 
(5, 6, 7, 8). In contrast to the preceding 
experiments, each of these groups were sym- 
metrical about the vertical diameter of the 
circle. 

Event display.—The two events that S was 
to predict were represented by two green- 
capped 6-v., .25-amp. lamps. These event 
lamps were on the horizontal diameter of the 
circle of signal lamps, 21 in. from the center 
of the circle. 

A second event display was also used. For 
this display, two green event lamps were'on 
S's response box just above the response 
keys. Event display was included as a fac- 
tor in the complete design of Exp. II-IV. 
Since this factor had no apparent effect, its 
use was discontinued, and the corresponding 
data will not be discussed. 


Stimulus Sequences 


Each step in the construction of the trial 
sequences of signal lamps, and of events, was 
random, subject only to the balancing restric- 
tions given below. 

Experiment L—The number of signal 
lamps, k, varied from one to eight over 
Trials 1-288 within each sequence. Each 
block of 96 trials contained 12 instances of 
each value of k. Here, as below, each in- 
stance used a different random choice of k 
signal lamps. Half of these were followed 
by event E; half by event Es. 

On Trials 289-388, exactly four signal 
lamps were lit on each trial. Here the in- 
dependent variable was the number of 
changes, from one trial to the next, in the 
identities of the lamps that were lit. Each 

number of changes, from zero to four, oc- 
curred 10 times in each block of 50 trials. 
Half were followed by event E;, half by Es. i 
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Three different sequences of signal lamps 
were constructed and each was paired with 
four different event sequences. Three Ss 
served in each of these 12 stimulus sequences, 

Experiment II—The main change from 
Exp. I was that the number of signal lamps 
was constant over blocks of trials, a change 
that greatly simplified the data tabulations. 
In a given block of 50 trials, exactly k signal 
lamps were lit on each trial. Within each 
block, E: and E; occurred equally often. 

Nine 50-trial sequences of signal lamps 
were constructed, one for each value of k 
and a second for k — 8. Nine 50-trial event 
sequences were also constructed. The two 
types of sequences were balanced over suc- 
cessive blocks of trials by a 9 X 9 Graeco- 
Latin square so that each S served one block 
at each value of k. There were four Ss in 
each of the nine stimulus sequences. 

In addition, 64 preliminary practice trials 
were given with k equal to 2, 5, 8, 6, 3, 7, 1, 
and 4 in the successive blocks of eight trials. 
E, and E; occurred equally often over the 64 
trials. 

Experiment I1I.—The 12-lamp panel was 
used with lamps grouped by 4s so that k 
could, in effect, take on the values 1, 2, or 3. 
Trials 1-100 were practice on which all sig- 
nal lamps were lit (k = 3). 

Trials 101-400 contained three 100-trial 
blocks, one at each value of k. For each of 
four replications, three 100-trial event se- 
quences, and three 100-trial signal lamp se- 
quences were constructed. A 3X 3 Graeco- 
Latin square was used to balance these se- 
quences over trial blocks so that each 
served 100 trials at each value of k. Over 
the four replications, there were 12 stimulus 
sequences and four Ss served in each. Fi 
and Ez occurred with equal probability, bal- 
anced in blocks of 100 trials for two repli- 
cations, and with unrestricted randomization 
over Trials 1-400 for the other two replica- 
tions. 

On Trials 401-500, a 75:25 schedule was 
used. The value of k used on Trials 301-400 
was repeated for each S on this terminal 
block. The event sequences were balanced or 
unrestricted as was the case in the earlier 
trials. 

Experiment IV.—The 12 signal lamps were 
grouped by 3s so that k could be 1, 2, 3, oF 
4. Trials 1-100 were practice, with all signal 
lamps (k =4) lit on each trial. Two event 
sequences were used with E; and Es occur- 
ring equally often. 

Trials 101-500 consisted of four 100-trial 
blocks, one at each value of b. For each o! 
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two replications, four 100-trial event se- 
quences, and four 100-trial sequences of sig- 
nal lamps were constructed. These were 
balanced over trial blocks so that each S 
served one block at each value of k. Each 
event occurred equally often in each 100- 
trial block. Six Ss served in each of the 
eight stimulus sequences. 

Experiment V.—The signal-lamp grouping 
of Exp. IV was used again, but the initial 
practice block with k=4 was not given. 
The four experimental groups are designated 
1131, 3313, 1313, and 3131. The control 
group is designated 4444. The successive 
numerals in each designation are the values 
of k in the four successive 100-trial blocks. 

Eight 100-trial blocks of events were con- 
structed with E; and Es equiprobable. Ran- 
domization was unrestricted in four of these 
blocks, and balanced in the other four, in 
which E; and Es occurred equally often. 
Each such block was repeated four times in 
a row to yield a total of eight complete 400- 
trial event sequences. 

A. 100-trial block of signal lamps for k = 1 
was constructed, and its complement, for k 
=3, was then obtained by interchanging the 
lit and unlit lamps. 

A. complete sequence of signal lamps was 
then obtained by using these two blocks in 
succession according to the designation num- 
ber for a given group. One such sequence 
was constructed for Groups 1313 and 3131, 
and two for Groups 1131 and 3313. 

The above eight event sequences and six 
signal-lamp sequences were combined fac- 
torially to yield 48 stimulus sequences for 
the experimental groups, with two Ss being 
run in each stimulus sequence. Finally, 24 
Ss were run in the control group, three in 
each of the event sequences. 

Experiment VI.—The 12 signal lamps were 
grouped symmetrically by 4s so that k could 
be 1, 2, or 3. The two experimental groups 
are designated 12121, 21212, and the control 
group is designated 33333. The five succes- 
sive numerals in each designation are the 
values of k in the five successive blocks of 
100 trials. 

Five 100-trial blocks of events were con- 
structed, each containing 65 y's and 35 Evs. 
A complete 500-trial event sequence was ob- 
tained from each block by repeating it 5 
times in a row. A single 100-trial block of 
signal lamps was constructed for k = 1, and 
for k=2. The complete signal lamp se- 
quences for Cond. 12121 and 21212 were 
then obtained by using the two 100-trial se- 
quences as appropriate in each successive 
block of 100 trials. For Cond. 33333, of 
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course, all signal lamps were lit on each trial. 
There were thus five stimulus sequences, cor- 
responding to the five event sequences, in 
each experimental group, and seven Ss 
served in each condition. 


RESULTS 


Statistical analysis—The main de- 
pendent variable in all experiments is 
the difference between the estimates of 
the two sequential dependencies on the 
left side of Equation 3. These two 
dependencies are estimated by the pro- 
portion of A; responses on Trial n + 1, 
given that exactly k signal lamps were 
lit on the previous Trial n, and given 
that event E, or E,, respectively, oc- 
curred on the previous Trial ». One 
such difference was obtained for each 
S for each value of k by pooling over 
those trials on which exactly k signal 
lamps were lit. 


A second dependent variable is the num- 
ber of predictions of the more frequent event 
over the first 50 trials of the terminal 75:25 
schedule of Exp. III, and over the first 50 
trials of the 65:35 schedule of Exp. VI. 
This measure is similar to that used in the 
original 12-lamp experiment of Burke et al. 
(1954). However, it was decided to use 50 
trials rather than 20 since learning is known 
to be slower with the less extreme frequency 
schedules employed here. 

In those analyses involving a single score 
per S, the main effect of stimulus sequences 
was extracted in all experiments. The main 
effect of event display was tested in the three 
experiments in which it was a factor, but 
its interaction with stimulus sequences was 
pooled with error. In Exp. V and VI only, 
stimulus sequences were significantly differ- 
ent; however, they did not interact with 
groups. In none of the relevant experiments 
was the difference between balanced and un- 
restricted randomization of the event se- 
quences significant. Accordingly, these minor 
variables will not be further mentioned, In 
those analyses involving more than a single 
score per S all interactions were pooled with 
error by prior decision. Since these inter- 
actions involved only the minor variables 
whose main effects were small, and since 
there were relatively few degrees of free- 
dom associated with these interactions, this 
pooling should only increase slightly the 
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TABLE 1 
MEAN VALUES OF SEQUENTIAL DEPENDENCY DIFFERENCES AS A FUNCTION 
OF THE NUMBER OF SIGNAL Lamps Lit; Exp. I AND II 
Number of Lamps 
Exp. 
0 1 2 3 4 5 6 7 8 

I .052 | .071 .022 .130 .083 054 .022 .034 
II —.029 | .041 .136 .062 4042 .067 085 087 
Is .028 .117 | .162 .142 .078 


® Data for the last 100-trial block of Exp. I. 


error mean square thus yielding a slightly 
conservative test. 

Finally, it should perhaps be noted that 
some of the experiments were designed to 
study trends over trials. However, inspec- 
tion of the data showed little or no temporal 
trend or intrasequence transfer in the se- 
quential dependencies except that they tended 
to be somewhat lower in the initial block of 
trials. Accordingly, these aspects of the data 
will not be further discussed. 


Experiments I and II 


Results——The first two rows of 
Table 1 list the means of the sequential 
dependency differences for each value 
of k, the number of signal lamps lit on 
a given trial. 

According to the prediction from 
stimulus sampling theory, each row of 
data will plot as a rising straight line. 
However, the linear trends (Grant, 
1956) were not significant, F(1, 24) — 
96 for Exp. I, and F(1, 26) = 4.00 
for Exp. II. Little or no trend is ap- 
parent in the data and the larger F for 
Exp. II seems mainly due to the low 
value at k=1. The negative sign 
makes its reliability suspect, and the 
linear trend over the remaining seven 
b is not significant, F(1, 26) = 

The last row of Table 1 presents the 
data for the last 100-trial block of Exp. 
I. Here four signal lamps were lit each. 
trial and k represents the number of 
changes from the previous trial in the 
lamp identities. For these data also, it 
can be shown that the theory predicts 


a rising straight-line function of k. 
However, neither the linear trend nor 
the overall F was significant, F(1, 24) 
= 1.26, and F(4, 140) = 2.08. 

Discussion.—The results of Exp. I 
and II were negative for the theory. 
In both, the several values of the 
sequential statistic were considerably 
greater than 0, but the differences 
among them failed to show the pre- 
dicted effect. Although both experi- 
ments were run under conditions quite 
similar to those of the original 12-lamp 
experiment, it was decided to run one 
more experiment using a simplified 
stimulus display. 


Experiment III 


Results—The main results of Exp. 
III, from Trials 101—400, are in the 
first row of Table 2. The three entries 
are the sequential dependency differ- 
ences for those trial blocks on which 
one, two, or all three groups of signal 
lamps were lit. 

As before, the theory predicts a ris- 
ing straight-line function, and indeed 
the observed data lie on a perfect 
straight line. The difference between 
the three means is significant, F (2, 94) 
= 6.88. 


The data of Trials 401-500, in which a 
75:25 schedule was used, furnish two addi- 
tional tests of the theory. The sequential 
statistic was .223, .217, and .173 for k=1, 2 
and 3, respectively. The observed trend is 
opposite from that predicted, but the differ- 
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ences are not significant, F(2, 36) = 28. 
The percentages of 44; responses over Trials 
401-450 were .72, .76, and .72, for k— 1, 2, 
and 3, but these were not significantly differ- 
ent, F(2, 36) —1.58. These two failures to 
support the theory need not be taken too 
seriously, however, since they are based on 
considerably less data than the main result 
and in addition embody between-S vari- 
ability. 

Discussion.—The main result of Exp. 
III agrees remarkably well with the 
theoretical prediction. The failure to 
obtain the predicted result in Exp. I 
and II would be difficult to explain, 
however, and one positive result in 
three experiments could be too easily 
obtained by chance. It was thus clear 
that another experiment was required. 


Experiment IV. 


Results.—The data of Exp. IV, from 
Trials 101—500, are in the second row 
of Table 2. The entries are the mean 
sequential statistics averaged over those 
trial blocks in which one, two, three, 
or four groups of signal lamps were 
lit on each trial. These data means 
form an increasing function of k, and 
the linear trend is significant, F(1, 39) 
= 13.22. 

Discussion—The last two experi- 
ments had now given results consistent 
with the theory, and it was tempting to 
conclude that the first two failures con- 
tained some unsuspected artifact. How- 
ever, closer inspection of the data of 
the last two experiments raised some 
doubt about the adequacy of the theory. 
In Exp. IV, the theory predicts a 
rising straight line, but the first three 
entries are little different from one 
another, A test of the largest, .180 
for k= 3, against the smallest, 152 
for k = 1, did not approach significance, 
F(1, 39) = 1.44. Apparently, there- 
fore, the significant linear trend was 
almost entirely due to the difference 
between the last condition, in which all 
the signal lamps were lit, and the first 
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TABLE 2 


MEAN VALUES OF SEQUENTIAL DEPENDENCY 
DIFFERENCES AS A FUNCTION OF THE NUM- 
BER OF GROUPS OF SIGNAL LAMPS 
Lit; Exp. III-VI 


Number of Lamp Groups 


Exp. 

1 2 3 4 
Il 059 115 A71 — 
IV 452 154 +180 +246 
V 012 = 012 .166 
VI 110 125 A70 — 


Note.—Lamps grouped by 3s in Exp. III and VI, and 
by 4s in Exp. IV and V. Thus, rightmost entry in each 
row is for the condition with all signal lamps lit. 


three conditions combined, in which 
only some signal lamps were lit. The 
data of Exp. III are consistent with 
this conclusion since the difference be- 
tween the values for k= 1 and k —2 
was also not significant, F(1, 94) — 
3.44. Moreover, the data of Burke, 
Estes, and Hellyer (1954) also agree 
with this conclusion. The mean values 
tested there are plotted at the second 
abscissa value of their Fig. 1 where it 
may be seen that, although the condi- 
tion in which all signal lamps were lit 
differs considerably from either the 74 
or the % signal-probability condition, 
these latter two conditions were nearly 
equal. 

It would thus appear that the data 
obtained to this point do not properly 
support the theory. Positive results 
have been obtained only from com- 
parison of the condition in which all 
signal lamps were lit with those condi- 
tions in which only some signal lamps 
were lit, The predicted differences 
among these latter conditions, as a 
function of the number of lamps lit, 
have not been found despite the con- 
siderable power of the present experi- 
ments. 


Experiment V 


In this experiment, it was hoped to 
settle the question. The main part of 
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TABLE 3 


RESPONSE PROPORTIONS AS A FUNCTION OF 
THE SPATIAL LOCATION OF THE SIGNAL 
Lamps; Exe. V 


Signal Lamp Groups 
ati Sanat EEUE m 
1-2-3 | 4-5-6 | 7-8-9 | 10-11-12 
One group 545 | 579 | .464 | .511 
'Three groups | .544 | .531 518 | .532 
Control 1545 | .514 | .514 | .529 


the experiment was concentrated on 
the test of one vs. three groups of 
signal lamps. With the data from 400 
trials for 96 Ss, each serving as his own 
control a real effect as predicted by 
the theory could hardly escape detec- 
tion. A control group of 24 Ss was 
run with all signal lamps lit on every 
trial of the experiment. This group 
provides a test of the interpretation of 
previous positive results that was given 
in the discussion of Exp. IV. 

Resulis.—The data, tabulated over 
Trials 101—400 for conformity with 
previous experiments, are in the third 
row of Table 2. The critical test is 
between the values of the entries for 
k —1landk- 3. In sharp contrast to 
the theoretical prediction, the values are 
equal. 

For the control group, the mean se- 
quential statistic of .166 is significantly 
greater than 0, F(1, 16) — 3243, and 
significantly greater than the value for 
the other two conditions, F(1, 64) — 
6.48. This result supports the inter- 
pretation given in the discussion of 
Exp. IV, and goes against the stimulus 
sampling theory interpretation. 

Unfortunately, the definitiveness of 
the critical test is marred by a surpris- 
ing result not yet remarked on. In 
contrast to all the other experiments 
the sequential statistics for k = 1 and 
3 were essentially 0. This fact pre- 
cipitated further analysis and it was 
found that the signal lamps themselves, 


NORMAN H. ANDERSON 


although uncorrelated with the events, 
were serving as cues for the response. 


The relevant data, given in Table 3, are 
the mean proportions of predictions of the 
right-hand event lamp (4; responses) as a 
function of the number and location of the 
signal lamps lit. The entry of .579 in the 
top row is the A: proportion on those trials 
on which the single group of three signal 
lamps lit was in the lower right quadrant. 
The adjacent entry of .464 is the Ay, propor- 
tion on those trials on which the single group 
of three signal lamps lit was in the lower 
left quadrant. The difference between these 
values indicates that Ss tended to predict on 
each trial the event with the same lateral po- 
sition as the group of signal lamps lit on 
that trial. The corresponding comparison of 
the first and last entries in the top row 
shows a weaker but similar effect. 

The second row of Table 3 gives the cor- 
responding data for those trial blocks on 
which three of the four groups of signal 
lamps were lit. In this case, the column 
headings represent the one remaining group 
of signal lamps that was not lit. The data in 
the last row are from the control group in 
which all four groups of lamps were lit on 
all trials, the tabulations being made over 
the same sets of trials used above. Each 
row of the table shows, incidentally, a mild 
preference of 2 to 3% for the right-hand 
event. 

Analysis of the data of the two upper rows 
yielded significant column and interaction ef- 
fects. Subsequent tests showed significant 
differences among the entries of the top TOW, 
F(3, 672) = 15.92, but not among the entries 
of the middle row, F(3, 672) — 78. The 
first F shows that when just one group of 
signal lamps was lit, it influenced the re- 
sponse. The nonsignificance of the second 
should not, however, be taken to reflect the 
lack of a similar effect when three groups 
of signal lamps were lit. In that case, the 
signal lamps could plausibly serve as a cue 
for either response and the means may have 
averaged out real cueing effects. That this 
in fact occurred is suggested by the near- 
zero value of the sequential dependency dif- 
ference for this condition. 

Finally, an apparent discrepancy between 
Exp. IV and V requires comment. Both ex- 
periments used the same quadrant grouping 
of signal lamps, yet the sequential statistics 
for k=1 and 3 are sizable in Exp. IV am 
near zero only in Exp. V. A possible cause 
of this discrepancy lies in the initial treat- 
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ment. For Exp. IV, all signal lamps were 
lit on the first 100 trials, whereas the vari- 
able signal arrangement was used from the 
beginning in Exp. V. It may be suggested, 
therefore, that Ss in Exp. IV made much 
less use of the signal lamps as cues because 
of fixation of other response strategies or 
cueing effects based on the sequence of events 
over Trials 1-100. This interpretation would 
be consistent with a long-term negative 
transfer effect obtained elsewhere (Ander- 
son, 1960). 


Discussion.—The critical test of 
Exp. V gives evidence against the 
theory. Cueing by the signal lamps 
should not invalidate the test, but it 
may have diluted a real effect. A fur- 
ther experiment was decided upon, 
therefore, in part to remove any re- 
maining doubt, in part to relieve some 
embarrassment over inadequate fore- 
thought about possible cueing effects of 
the signal lamps. 


Experiment VI 


This experiment was similar to Exp. 
V in rationale and design. The main 
change was that the signal lamps were 
grouped by 4s, each group being sym- 
metrical about the vertical diameter of 
the signal-lamp panel to avoid cueing 
effects of the signal lamps. In addi- 
tion, the use of a 65:35 schedule al- 
lowed a second test of the theory. 

Results.—The sequential dependency 
differences of Exp. VI, based on the 
data of Trials 101—500, are in the last 
line of Table 2. 

The critical comparison is between 
the first two entries, .110 and .125, 
each being a mean over 200 trials for 
each of 70 Ss. According to the pre- 
diction from stimulus sampling theory, 
the second entry should be larger than 
the first. The obtained difference of 
.015 is small and does not approach 
significance when treated against the 
within-S variability, F(1, 60) — .39. 

The difference between the last entry 
and the mean of the first two is in the 


TABLE 4 
THIRD-ORDER STIMULUS DEPENDENCIES; 
Exp. V 
Events on Trials n — 1 and » 

Event on 
Trial n — 2 

Ei) | EEs | Esk: | E:Æ: 

Ei .712 .565 .602 | .510 

E: .135 .652 .664 | .430 

Difference | —.023 | —.087 | —.062 | .080 


Note.—Entries are mean response proportions on 
Trial » + 1 as a function of the events of the three pre- 


ceding trials. 


same direction as in the previous ex- 
periments, but not significant when 
tested against the between-S variability, 
F(1, 90) = 1.98. Finally, it may be 
noted that the overall mean value of 
the sequential dependency difference 
is significantly greater than 0, F(1, 
90) — 59.85. 

The data also provide a second test 
of the theory because a 65:35 schedule 
was used. As in the original 12-lamp 
experiment, the theory predicts that the 
preasymptotic A; response frequency is 
an increasing function of the number of 
signal lamps lit. The mean propor- 
tions of A responses over Trials 1-50 
were .53, .49, and .54 for k = 1,2, and 
3, respectively. The differences were 
not significant, F(2, 90) = 2.72. As- 
ymptotic response proportions were 
also not significantly different, but 
they did show probability matching. 
The overall response frequency on 
Trials 401-500 was 64.4% which is 
nearly equal to the event frequency 


of 65%. 
Additional Results 


This section takes up briefly some further 
aspects of the data that are not directly re- 
lated to the main test of the theory. 

Higher order sequential dependencies.— 
The third-order stimulus dependencies from 
Trials 201-500 of Exp. VI are given in 
Table 4. Each entry is the proportion of Ai 
responses pooled over all trials for which the 
events on the three immediately preceding 
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TABLE 5 
Run Curves ror More AND Less FREQUENT Events; Exp. VI 
Successive Events in Run 
E: Ei Ei Ei E E Ei 
E .549 575 .693 677 .683 647 
ier .557 571 .692 718 639 656 .636 
E Ex E: E: E: 
E: run .659 571 474 486 43 
Note.—Entries are proportions of predictions of the more frequent E; event as a function of event on preceding 
trial listed in column headings. 


trials were as designated. The first and 
second rows differ only in the third previous 
event. Thus, the difference scores in the 
third row measure effects of the third previ- 
ous event on the present response. 

A systematic mathematical analysis of such 
dependencies has shown that all four differ- 
ences in the third row are theoretically equal 
(Anderson, 1959, Equation 10). These deri- 
vations were made in terms of the Bush- 
Mosteller linear operator models, but they 
hold also for the model here under test. 
The observed differences however, are far 
from equal, and the differences among them 
are significant, F(3, 312) = 20.75, in agree- 
ment with previous work (Anderson, 1960). 

Run curves—From the runs of the more 
frequent event in Exp. VI, two runs of 
length five or more, and two runs of length 
six or more were chosen randomly in each 
event sequence. The data were pooled over 
all five 100-trial blocks so that each entry in 
Table 5 is based on 10 instances for each of 
105 Ss. The entry in a given column is the 
Proportion of predictions of the more fre- 
quent event on the trial following the event 
listed at the head of the column. Both 
curves rise toward a broad peak at about 
the third trial of the run, and then decline. 
This terminal decline, or negative recency 


TABLE 6 
ALTERNATION CURVES; Exp. VI 


effect (Jarvik, 1951), is comparable in mag- 
nitude to that obtained previously for a 65:35 
frequency schedule (Anderson & Whalen, 
1960). 

Run curves for the less frequent event are 
also of interest. One such run of length at 
least four was chosen randomly from each 
event sequence. The proportions of predic- 
tions of the more frequent event are shown 
in the last row of Table 5 in which each 
entry is based on a total of five choices by 
each of 105 Ss. Despite a slight rise at the 
third point in the run, there is little or no 
evidence of negative recency for the less fre- 
quent event. Previous work (Anderson & 
Whalen, 1960) has also reported this nega- 
tive result and noted that it is inconsistent 
with a simple cognitive theory based on run 
length which would, presumably, predict 
stronger negative recency for the less fre- 
quent than for the more frequent event. 

Alternation curves.—Event subsequences 
that contained alternations were treated simi- 
larly, The entries in the upper row of 
Table 6 are based on a total of five trials 
for each of 105 Ss; the entries in the lower 
row are based on a total of five trials for 
each of 42 Ss. In either row, the initial en- 
tries rise on trials following an E; and fall 
on trials following an Es. However, the last 


Successive Events in Alternation Subsequence 


Ey Ei Es Ei E: Ei Es Ei Es E 
.638 -686 .518 -650 -610 .585 
.538 -710 -671 -643 -1716 -519 .681 .429 .700 -476 


Note,—Entries are pi 


trial Listed in column Kops tions of predictions of the more frequent Ei event as a function of event on preceding 
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entry in the upper row, being smaller than 
the previous entry, suggests that Ss had be- 
gun to respond in terms of the alternation 
pattern. This stimulus-relative alternation 
tendency is seen clearly in the later entries 
of the lower row which decrease on trials 
following an E: and increase on trials fol- 
lowing an Es. This result agrees with previ- 
ous work (Anderson, 1960). 


Discussion 


At the empirical level, the present data 
do not disagree with those of Burke et 
al. (1954). There, as here, reliable dif- 
ferences are found only when the constant 
signal condition is tested against the sev- 
eral variable signal conditions. Among 
these latter conditions, no reliable differ- 
ences have been obtained. The data of 
Exp. V suggest that the effect that is ob- 
tained is due in part to cueing effects of 
the signal lamps, but related factors may 
also play a role. 

At the theoretical level, the present 
data give strong evidence against the 
prediction of stimulus sampling theory 
that was tested. The predicted differences 
among the several conditions in which 
only some signal lamps were lit were not 
obtained, although the present experi- 
ments had ample power to detect any ap- 
preciable difference that might have ex- 
isted. This failure to confirm the theory 
is the more serious in that a basic notion 
of the theory, pertaining to the stimulus 
sampling process itself, was at issue. 

Confirmation of the theoretical predic- 
tion would have had considerable value. 
It would, as noted earlier, have given evi- 
dence for the existence of the basic stimu- 
lus conditioning process assumed by the 
theory, despite the presence of complicat- 
ing response tendencies. Naturally, the 
negative result that was obtained does not 
have equal theoretical value since there 
are various modifications of and alterna- 
tives to the original model (e.g., Atkin- 
son & Estes, 1963) whose applicability 
would have to be investigated. The pur- 
pose of the present work, however, was 
to test the prediction as originally formu- 
lated and further theoretical discussion 
would be too lengthy and too speculative 
to include here. Nevertheless, even if it 
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were admitted in principle that the theory 
may apply to probability learning, the ac- 
cumulated discrepancies between observa- 
tion and prediction make it uncertain how 
far the general theory is actually testable 
in that situation (Anderson, 1964). It 
should, however, be explicitly noted that 
most experiments have used one or few 
sessions and that, as Estes (1964) has 
suggested, the theoretical outlook may be 
brighter on data obtained under extended 
training. 

In a previous formulation of probability 
learning (Anderson, 1960), it was sug- 
gested that two of the main components 
of the behavior were alternation, and rep- 
etition or event-following tendencies. Al- 
though the quantitative model that was 
applied could not adequately account for 
the behavior, the data did give fairly 
clear evidence for the existence of these 
two response tendencies. In this formula- 
tion the alternation and repetition re- 
sponses are conditioned per se, not to any 
stimulus. The signal lamps, and the 
events of previous trials, act as discrimina- 
tive stimuli. This view is similar to that 
of Hake and Hyman (1953), and in cer- 
tain respects, to that of Skinner (1938), 
although it is not clear that the key press 
is properly an operant. 

This formulation receives some indirect 
support from Exp. V. Here it was found 
that when the signal lamps acted as cues, 
the dependence of the response on the 
previous event was much reduced. This 
suggests that when the signal lamps could 
not act as cues, the previous event did. 
Such an effect would, of course, appear 
in the data as an event-repetition tendency 
or, equivalently, as a larger sequential de- 
pendence. Cueing by the previous event 
would be expected when there was some 
positional congruence between event and 
response displays, as in the present and 
much of the published work on proba- 
bility learning. If the foregoing sug- 
gestion is correct, elimination of the 
spatial aspects of the event display would 
reduce the event-response sequential de- 
pendence. Such a result would imply 
that in general the event functions not 
only as a reinforcer, but also as a dis- 
criminative stimulus, 
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EFFECTS OF MEANINGFULNESS OF STRUCTURALLY 
SIMILAR CVCs ON STIMULUS GENERALIZATION 
OF EYELID CLOSURE* 


DAVID W. ABBOTT 


Stetson 


College students had 70 trials for conditioning eyelid closure 


University 


to CSs 


which were CVCs of low, medium, or high meaningfulness. 10 gen- 
eralization test trials followed with test stimuli which were CVCs 


of the same meaningfulness as the 


CS but of decreasing structural simi- 


larity in the form of all 3, 2, 1, or no letters in common with the CS. 
The Ist test trial produced a significant decremental gradient of re- 
sponding as a function of decreasing stimulus similarity. This gradient 
was steepest for the high meaningful stimuli and least steep for the 
low meaningful condition with the medium level falling between the 2. 


The present study investigated the 
effects of meaningfulness of structurally 
similar trigrams of CVC structure on 
the generalization of conditioned eye- 
lid closure. The immediate predecessor 
to this experiment was the investigation 
of Abbott and Price (1964) on gen- 
eralization of eyelid closure to struc- 
turally similar CVCs of low meaning- 
fulness. Also pertinent are the findings 
of Razran (1939), Reiss (1946), and 
Luria and Vinogradova (1959) with 
word CSs and test stimuli of high 
meaningfulness. 

Razran, Reiss, and Luria and Vino- 
gradova found that with normal adults 
as Ss and with meaningful words as 
stimuli the amount of generalization to 
words of high structural similarity was 
very low. Since meaningful words 
usually evoke association responses in 
normal adults it seems likely that these 


1This study is based upon a thesis sub- 
mitted to the University of Massachusetts in 
partial fulfillment of the requirements for 
the PhD degree. The author wishes to 
express particular appreciation to Louis E. 
Price for his encouragement and guidance. 
This research was conducted while the au- 
thor was a National Defense Education Act 
Predoctoral Fellow at the University of 
Massachusetts. 


responses were present during acquisi- 
tion and testing in these studies. It 
also seems likely that the association 
responses elicited by the conditioned 
stimuli were different from those elic- 
ited by the test stimuli since with mean- 
ingful words changing even one letter 
to produce a structurally similar word 
can radically change the association re- 
sponse to the word. This interpreta- 
tion of these studies puts them into the 
paradigm of acquired distinctiveness 
which would be expected to produce a 
low level of generalization, even for 
words that are structurally very similar. 
Following this reasoning it would be 
expected that if the association re- 
sponses could be reduced or eliminated 
the degree of structural generalization 
in these situations would increase. 
Reiss reports high structural general- 
ization with young Ss of 7-9 yr. of 
age. Luria and Vinogradova found 
that drugged or mentally retarded Ss 
show more structural generalization 
than normal adults. Abbott and Price 
observed a high level of structural gen- 
eralization with CVC stimuli of low 
meaningfulness. It would seem that 
these were instances where association 
responses were at a minimum and 
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TABLE 1 


WITH THE CVCs OF THE 
SUMMARY OF EXPERIMENTAL DESIGN ALONG 
S AcQUISITION AND TEST TRIALS 


Test Stimuli 
iti Similari 
Meaninefulness |  Confitloned (Number of Letters in Common with CS) 
3 2 1 0 
xuv (4) xiv (4) 
xun (4 XEH (5) zuy (5) Q0] (4) 

Lon ur @ Qua (12) jn (5) 

SEQ (44) soQ (49) » 
i SEB (48 svn (43) VEP (48) cux (50) 

nd ul à LEB (49) MAB (50) 
cap (100) cor (100) 

i cat (100; cur (100) sap (100) mup (100) 
Hie Y sm HAT (100) pit (100) 
Note.—Meaningful values of the CVCs are in parentheses. 

METHOD 


therefore not effective in reducing 
generalization to structurally similar 
stimuli. 

Since the relevant variable regarding 
the level of structural generalization is 
assumed to be the presence or absence 
of association responses, this study was 
designed to further evaluate the in- 
fluence of association responses on 
structural generalization. Structurally 
similar CVC syllables were used as 
stimuli in the classical eyelid condi- 
tioning situation. Four levels of stimu- 
lus similarity, defined as the number 
of letters in the test stimulus which 
were identical to corresponding letters 
in the conditioned stimulus, were used. 
Three levels of meaningfulness, as de- 
fined by Archer (1960), were em- 
ployed. It was intended that the mean- 
ingfulness variable would provide an 
indirect manipulation of the frequency 
with which associations to the stimuli 
would be present to mediate the dis- 
tinctiveness of the structurally similar 
syllables. Thus, it was expected that 
the more meaningful stimuli would 
produce steeper gradients of structural 
generalization. 


Apparatus and technique of recording.— 
The Ss were seated in a dental chair lo- 
cated in a semidarkened room adjoining 
the room containing the recording apparatus 
and stimulus controls. The stimuli were 
1X1 in. lighted letters which were pro- 
jected onto a darkened screen 55 in. in front 
of S. The increase in light on the screen 
background from the intertrial to the intra- 
trial interval was not perceptible. The 
intertrial interval was controlled by a Ger- 
brands programmer while CS onset an 
duration, CS-UCS interval, and UCS dura- 
tion were controlled by a series of Hunter 
timers, A record of eyelid movement, by 
means of a microtorque potentiometer, gus 
plifier, and pen motor, and a record © 
stimulus onset were obtained with a system 
using a paper speed of 120 mm/sec. cud 

Experimental design and subjects— 
dents from introductory psychology courses 
at the University of Massachusetts servet 
as Ss with 12 assigned to each of the ri 
combinations of meaningfulness and simi 
larity. Three levels of meaningfulness © 
stimuli were combined with four levels 9s 
test stimulus similarity (Table 1). Aeren 
ment to levels of meaningfulness was ES : 
dom. The Ss were assigned to the died 
levels of similarity on the basis of i 
acquisition performance in order to equ? 
the response strengths of the group: 
the various similarity conditions P" 


testing. 


s under 
jor to 
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TABLE 2 
Means AND SDs or CRs IN ACQUISITION 
Meaningfulness 

Trials Low Medium High 
M SD SD M SD 
1-10 3.54 1.61 3.38 1.54 3.38 1.73 
11-20 . 5.33 2.45 5.31 2.47 4.98 249 
21-30 5.71 2.61 5.92 2.82 5.58 2.65 
31-40 6.33 2.47 6.33 2.53 5.85 2.96 
41-50 6.83 2.23 6.71 2.46 6.38 2.65 
51-60 7.04 2.56 6.88 2.54 6.77 2.45 
61-70 7.50 2.21 7.33 2.26 7.29 2.16 

Stimuli.—Twenty-four CVCs were em- RESULTS 


ployed as conditioned and test stimuli. 
Eight CVCs were used at each of the three 
levels of meaningfulness. Archer’s associa- 
tion values for the low, medium, and high 
meaningfulness conditions were 4-12, 43- 
50, and 100, respectively. Within each 
level of meaningfulness the levels of stim- 
ulus similarity were all 3, 2, 1, and 0 let- 
ters in common between the CS and the test 
stimuli, In order to control for effects of 
position of the one and two changed let- 
ters, three different syllables were used for 
test stimuli with two letters in common with 
the CS and three additional syllables were 
employed for test stimuli with one letter 
in common with the CS. These stimuli are 
shown in Table 1, The UCS during acqui- 
sition and test trials consisted of a puff of 
air to S’s right eye at 2 psi. 

Procedure—The Ss were seated in the 
dental chair and the thread from the arm 
of the microtorque potentiometer attached 
to the eyelid of their right eye. A standard 
set of instructions designed to create a 
relaxed passive attitude was then read. 
Following the instructions, Ss were given 
70 acquisition trials and with no delay 
other than the usual 15-sec. intertrial inter- 
val, 10 generalization test trials. During 
acquisition, the CS duration was 850 msec. 
with a CS-UCS interval of 800 msec. and 
a UCS duration of 50 msec. For the test 
trials the CS-UCS interval was increased 
to 2500 msec. During both acquisition and 
test trials, responses falling in the 200-800 
msec. range from CS onset, with a recorded 
deflection of 1 mm. or more, were counted 
as conditioned responses. 


Acquisition.—Table 2 presents the 
Ms and SDs of the frequency of condi- 
tioned responses (CRs) per block of 
10 trials for each level of meaningful- 
ness of CS during acquisition. An 
analysis of variance on these data pro- 
duced Fs of less than unity for mean- 
ingfulness and the interaction of mean- 
ingfulness and trials, indicating that 
acquisition rates were comparable for 
the three different CSs. An analysis of 
variance on the data from the last 10 ac- 
quisition trials for each combination of 
meaningfulness and similarity pro- 
duced Fs of less than unity for mean- 
ingfulness, similarity, and Meaningful- 
ness X Similarity indicating that the 
12 test groups were not responding at 
significantly different levels by the end 
of acquisition. 

Generalization.—Table 3 shows, and 
Fig. 1 is a plot of, the frequencies of 
CRs to test stimuli of each level of 
similarity on the first test trial for each 
level of meaningfulness. For all levels 
of meaningfulness, percentage of CRs 
decreases with decreasing similarity be- 
tween acquisition and test stimuli. 
Steepness of the curves seemingly in- 
creases for stimuli of low, medium, and 
high meaningfulness. 


514 DAVID W. ABBOTT 


For the main effect of similarity (i.e., 
pooled over all levels of meaningful- 
ness) x'(3) = 1479, p < .005. Thus, 
frequencies decreased significantly with 
decreasing similarity. In further x? 
analyses frequency of responding to the 
CS as a test stimulus differed signifi- 
cantly from the frequencies for each of 
the other three levels of similarity (p 
< .005). None of the differences be- 
tween any of the other pairs of simi- 
larity levels were significant. 

In none of the pairwise comparisons 
of frequencies just for stimuli of low 
meaningfulness were the differences in 
frequencies significant. For stimuli of 
medium meaningfulness, the CS as a 
test stimulus was responded to sig- 
nificantly (p <.05) more often than 
the test stimulus with no elements in 
common. None of the remaining dif- 
ferences was significant. For stimuli 
of high meaningfulness, the differences 
in frequencies between the CS as a 
test stimulus and each of the other test 
stimuli were all significant (p < 02). 
None of the remaining differences was 
significant. 

An analysis of variance was per- 
formed on the frequencies of CRs over 
the 10 test trials. The resulting F 
values indicated that neither meaning- 
fulness nor similarity -had significant 
effects over the 10 test trials. 


TABLE 3 


FREQUENCIES OF CRs on First 
Test TRIAL (N = 12) 


Similarity 
„(Number of Letters 


Meaningfulness in Common with CS) 


3 2 1 0 
Low 10 7 6 6 
Medium 9 7 5 4 
High 9 4 4 3 


100 
MEANINGFULNESS 
T O = Low 
O = MEDIUM 
A= HIGH 
" 
$ 
$ 
g 
z 
a 
2 
g 
2 


3 2 1 o 


SIMILARITY 
(NUMBER OF LETTERS IN COMMON WITH THE CS) 


Fic. 1. Percentage of CRs on Test Trial 
1 to stimuli of each level of similarity for 
each level of meaningfulness. 


Discussion 


These results support the hypothesis 
that the presence or absence of distinctive 
association responses can be a relevant 
variable in studies of structural general- 
ization. 

This hypothesis was suggested by di- 
vergent results regarding the amount of 
generalization of a conditioned response 
that will occur on the basis of structurally 
similar verbal stimuli. One set of results 
(Luria & Vinogradova, 1959; Razran, 
1939; Reiss, 1946) shows very little 
Structural generalization for normal 
adult Ss with stimuli of high meaningful- 
ness. Another set of results (Abbott & 
Price, 1964; Luria & Vinogradova, 1959; 
Reiss, 1946) shows high levels of struc- 
tural generalization for young, drugged, 
or mentally retarded Ss with highly mean- 
ingful stimuli or normal adult Ss with 
stimuli of low meaningfulness. 

The rationale for such a hypothesis is 
that the first set of results is from con- 
ditions where associations to the stimuli 
are present to mediate the distinctiveness 
of the structurally similar stimuli while 
the second set of results is from situa- 
tions where such associations are infre- 
quent or absent thus allowing general- 


CVC GENERALIZATION IN EYELID CONDITIONING 


ization to take place on the basis of 
structural similarity. 

The present study provided a situation 
where factors other than association re- 
sponses were held constant so that the 
possible effects of such responses could 
be more accurately evaluated. Thus, the 
S population, conditioned response, tem- 
poral conditions, apparatus, E, and type 
of stimuli used were constant for each 
meaningfulness condition. Under these 
circumstances any differences in struc- 
tural generalization observed as a result 
of the meaningfulness conditions can be 
interpreted in terms of the presence or 
absence of association responses since the 
Írequency with which such responses are 
present is the definition of this variable 
(Archer, 1960). It was hypothesized that 
the degree of structural generalization 
would decrease as a function of increas- 
ing meaningfulness, since increasing 
meaningfulness would increase the tend- 
ency for response mediated distinctive- 
ness to occur. 

The first test-trial results of this study 
are in general agreement with the pre- 
dictions. For the stimuli of low meaning- 
fulness there was no significant decrement 
in generalized response frequency as a 
function of decreasing test stimulus 
similarity and the overall level of general- 
ization was high. For the stimuli of 
medium meaningfulness the CS as a test 
stimulus and the least similar test stimulus 
were the only two stimuli that differed 
significantly on generalized response fre- 
quency. For the stimuli of high mean- 
ingfulness the CS differed significantly 
from each of the other test stimuli while’ 
no pairs of these three test stimuli were 
significantly different. Thus, changing 
even one letter of the CS was enough to 
reduce generalization to a very low level. 
These results suggest strongly that as- 
sociation responses, by providing stimuli 
for mediated distinctiveness, can have a 
significant effect on structural general- 
ization, 
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The results with the stimuli of high 
meaningfulness allow a comparison of the 
relative effects of structural and meaning- 
ful similarity on verbal generalization. 
In a preliminary word-association study 
of the stimuli used in this investigation 
there were no common association re- 
sponses between the CS and any test stim- 
ulus. Thus, there was no meaningful sim- 
ilarity between the CS and test stimuli 
while various levels of structural similar- 
ity were present. Since, for the high 
meaningfulness condition, there were no 
significant differences among stimuli that 
were not structurally identical to the 
CS while all such stimuli were sig- 
nificantly different from the CS, it seems 
that an extreme change in meaning is a 
strong enough variable to wash out any 
possible effects of degree of structural 
similarity. Further information on the 
relative effects of these two types of 
similarity on generalization could be ob- 
tained by investigating meaningful gen- 
eralization at various levels of structural 
similarity, if the necessary stimuli could 
be obtained. 
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Ss had to (a) estimate successive pointer settings on a blank scale, or 


(b) in addition to the preceding, 


predict future pointer settings on 


the same scale. Each successive pointer position was generated by 
adding a random sample from a normal distribution to the last pointer 


position. 2 series of settings were 
ard deviation of the random fluctu: 


used which differed in the stand- 
ation, and therefore in amount of 


sequential constraint. Error of estimation was less for the series with 


greater sequential constraint. The 


of the pointer fluctuations. 


The stimulus in the present experi- 
ment was a pointer placed somewhere 
on a scale which had markings at 0 and 
100, but which was blank in between. 
The task for Ss was either: (a) to 
estimate the location of each successive 
pointer position by giving a number be- 
tween 0 and 100; these Ss will be 
called Readers; or (b) in addition to 
estimating the present pointer posi- 
tions, to predict the position of each 
Succeeding pointer position; these Ss 
will be called Predictors. 

The distinctive feature of the stimuli 
was the way successive pointer posi- 
tions were constrained. The sequences 
of stimuli were generated in the fol- 
lowing way: The first position was 50 
(scale midpoint), Then a number was 
drawn from a table of random normal 
numbers: this provided a random sam- 
ple from a standard normal distribution. 
This number was transformed by mul- 
tiplying it by the nominal standard 
deviation used for generating a series 
(either 2= o», or 8= eg), and this 


1 This research was Supported in part by 
National Institutes of Health Grant GM 
11128; and was facilitated by grants by the 
National Institutes of Health and the Na- 
tional Science Foundation to the Institute of 
Human Learning. 


standard deviation of Ss’ predic- 


tions around the last estimation roughly equaled the standard deviation 


number was added to 50. (Notation 
note: The symbols e» and es will be 
used variously to refer to the nominal 
standard deviations of the series fluc- 
tuations, to the series themselves, 
and to the experimental groups being 
treated with those series, Throughout 
the paper, standard deviations symbol- 
ized by o’s will be nominal or theoreti- 
cal quantities, and those symbolized by 
s’s will be estimated values.) This new 
sum was the second pointer position, 
say T». Then a new random number 
was drawn from the normal distribu- 
tion, transformed according to the de- 
sired standard deviation, and added to 
T»; this sum was Ts; and so on. The 
result was two series that fluctuated 
randomly up and down on successive 
trials, with differing standard devia- 
tions of the fluctuations (2 or 8). 
Technically, a series so generated is a 
Markov process, a martingale, and a 
random walk, 

. The purposes of this experiment lie 
in two main directions: (a) to de- 
termine the accuracy of pointer estima- 
tion under differing amounts of random 
fluctuation (differing standard devia- 
tions of the random fluctuation) ; and 
(5) to determine the manner in which 
Ss predict a random fluctuation, 
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ESTIMATION OF RANDOM FLUCTUATION 


MrTHOD 


Stimulus series—A sequence of 160 ran- 
dom normal distribution samples was taken 
from a table. These numbers were: (a) 
multiplied by 2 and rounded to the nearest 
integer to produce the v; series; (b) multi- 
plied by 8 and rounded to the nearest integer 
to produce the ss series. Thus, the two 
series were based on the same sequence of 
random numbers, and differed only in the 
magnitude of the fluctuations. The actual 
stimulus series were obtained by starting 
with T,— 50, and continuing as explained 
in the introduction until Ts. Then the 
pointer was reset at 50 again for Tw. The 
Ss were told that they were beginning a 
new series at Tm, but except for the reset 
at 50, the series continued as before. 

Equipment.—The pointer seen by Ss was 
a slender piece of black tape placed on a 
circular disc (9-in. radius), which in turn 
was mounted on a vertical panelboard. The 
disc was free to rotate around its center, 
and was controlled from behind the panel 
by a lever. The scale was an arc of about 
60° placed directly aboye the disc. The 
disc was painted white, and the scale was 
white cardboard pasted on plastic. The 0 
and 100 of the scale were marked with 
inked lines, and the remainder of the scale 
was blank. The (unmarked) 50 point on 
the scale was directly over the center of 
the disc. The disc could be rotated from 
behind the panel to place the pointer at 
any desired location on the scale. A mag- 
nified scale marked in integral number units 
was attached to the back of the panel, al- 
lowing accurate positioning of the pointer. 
The pointer and the scale were both set out 
from the panel the same distance, thus elimi- 
nating faulty estimations due to parallax. 
A shutter could be lowered over the scale 
and disc between settings, so that Ss could 
gain no information from seeing the direc- 
tion of the disc rotation (or lack of ro- 
tation). 

Subjects and design.—A total of 40 Ss 
was used in four different conditions. The 
Ss were Johns Hopkins University under- 
graduate males who participated in order 
to fulfill a class requirement. The four 
conditions were derived from the factorial 
combination of two levels of standard de- 
viation of fluctuation (øs, cs), and two levels 
of instructions (Readers, Predictors). There 
were 10 Ss in each of the four groups ex- 
cept for the Readers-cs which had 11 Ss and 
Predictors-s which had 9. 
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Instructions and procedure—The Ss were 
run in groups and each of the four condi- 
tions required at least two sessions with 
different Ss. The Ss sat in a row of four 
chairs placed 12 ft. from the apparatus, or 
also in a second row of chairs behind the 
first row if there were more than four Ss. 

The Ss were told that the experiment was 
“designed to find out how accurately people 
can estimate the position of a scale marker,” 
or “to find out how accurately people can 
estimate the position of a scale marker, and 
how well they can predict the next scale 
setting after they have seen a series of 
past settings.” The blank scale was’ ex- 
plained, and they were told to make their 
estimations and predictions to the nearest 
unit. The scale was exposed 4 sec. on 
each setting, and closed for 11 sec. while 
Ss wrote their estimations, and made their 
predictions if they were so instructed. Thus, 
each trial took 15 sec. The total session 
took less than 1 hr. 

The Ss were specifically instructed not to 
use mechanical devices for making estima- 
tions, such as holding up pencils and esti- 
mating proportions from the way the pencil 
and scale lined up. In addition, special in- 
structions were necessary for the os groups, 
since the fluctuation extended for more than 
100 units, and thus beyond the scale bound- 
aries. The convention adopted was that 
if the setting was 1, e.g, and it was to go 
down to —3, it would actually be translated 
to the upper end of the scale to 97. Thus 
if Ss wished to predict a —3, they would 
instead predict 97, and the scale would go 
there if a fluctuation of —4 had been pro- 
gramed. Likewise, if the pointer was pro- 
gramed to go beyond 100, it was translated 
to the low end of the scale. As stated, 
after 80 settings E announced that a new 
series was starting, and the next setting was 
T=50. The Ss were told to continue as 
before. 


RESULTS 


The results are analyzed in terms of 
the first 80 trials, and the second 80 
trials separately. The first 6 trials in 
each half were taken as warm-up trials 
and were not included in any analysis. 
Significance levels reported are for two- 
tailed ¢ tests unless otherwise noted. 

Predictions.—Let P, be the predic- 
tion of an S for the setting on Trial n. 
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YK variance matching 
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Fic. 1. Mean standard deviation of the 
prediction deviations, d, relative to the 
fluctuation standard deviation, as a func- 
tion of pointer fluctuation, s. (The 2 and 1 
under each ø refer to the session half. 
Units are those of the scale.) 


The S had just estimated the position 
of the pointer on Trial » —1, and this 
estimation is symbolized R,.. In 
order to minimize his error variance of 
prediction, S should predict P, = Ty. 
Now S did not know for sure what 
Taa was, but his best estimate for it 
was presumably R,-1, his stated estima- 
tion of T, 4. If S predicts in such an 
optimal manner, then P, — R,4 = 0. 
Even if S does not do precisely this, 
the smaller the deviation, P, — Ry, 
the better his success in prediction will 
be. Accordingly, the variance of the 
set of values, P, — R,4 = d,, was de- 
termined. 

Figure 1 shows the results from this 
analysis. The abscissa, s; is the em- 
pirically determined standard deviation 
of the fluctuations of the Ts, T, — T, ;. 
The ordinate, s;/5;, is the mean ratio of 
the standard deviation of the d's to s 
Tf Ss used the optimal strategy, s; 
would be zero, and the graph points 
would lie along the abscissa, If sa 
were to equal s;, then the points of the 
graph would have a value of 1 on the 
abscissa, and the variance of the pre- 
dictions around the last estimation 
would be equal to the variance of the 
fluctuations of the pointer settings. 
For the o conditions, s; < s;, but not 
significantly so for either half. For the 
os Condition, both points were sig- 


nificantly greater than 1 (p< .01). 
The mean 54/5; for the v» condition ex- 
ceeded the mean sa/s; for the e; condi- 
tion (p < .02 for each half session). 
The graph values and significance tests 
were based on the logarithms of the 
variances, because of marked skewness 
in the original scores. 

Figure 2 shows the relative fre- 
quency distributions of d for both halves 
for all Ss taken together. The smooth 
curves show normal distributions with 
variances equal to those of the actual 
fluctuations of the pointer for both 
halves. Besides the differences be- 
tween the d distribution variance and 
the fluctuation variance noted in con- 
nection with Fig. 2, the d distribution 
differs from the stimulus fluctuation 
distribution in shape. The Ss are par- 
ticularly apt to make deviation predic- 
tions d which are zero or integral mul- 
tiples of 5. In addition, the og kurtosis 
scores were significantly greater than 
zero for both the first half (p < .05) 
and second half (p < .01). There was 
only one negative kurtosis score in 
both halves. A similar trend appeared 
for the e» condition which was not, 
however, significant. This leptokurtosis 
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Fic. 2. Relative frequency distribution of 
the prediction deviations, d, for all Ss taken 
together, for both half sessions. (The data 
points for +20 refer to the relative fre- 
quencies for d's equal to or greater than 20.) 
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may be due to the high frequency of 
d — 0 responses. 

The data were examined to see 
whether pointer runs in the same di- 
rection would cause systematic antici- 
patory effects. No such effects could 
be clearly demonstrated, although there 
is a hint that for the e» condition Ss 
tend to predict that the pointer will con- 
tinue to move in the same direction it 
has been moving in. 

Estimation errors—The summary 
measure of error of estimation was the 
root mean square (RMS) of R, — T, 
= E,, which is denoted sg. This value 
was calculated for each indivdiual for 
each half session. Since these values 
were positively skewed across Ss, the 
logarithms were taken before averag- 
ing, and before analysis of variance was 
performed. The analysis of variance 
was based on a three-factor design with 
repeated measurements on one factor 
(Winer, 1962, p. 337). The repeated 
measurement factor was first half-sec- 
ond half, and the other two factors were 
Reader-Predictor, and es»— øs. In 
order to balance the design for the 
error analysis, 1 S was randomly 
dropped from the group with 11 Ss, 
and a pseudo S based on the treatment 
means was added to the group with 9 
Ss, making 10 Ss in éach group. The 
df's for each error term of this design 
were reduced by 1 to compensate for 
the pseudo S. Figure 3 gives antilogs 
of the averages of the logged sy meas- 
ures. 

The lower two graph lines in Fig. 3 
refer to “random error" alone. “Ran- 
dom error" refers to that component of 
total estimation error which is uncor- 
related with any "true" or "error" 
components on previous or succeeding 
estimations. Its rationale follows: An 
estimation R, of one S of the pointer 
position on Trial n, is conceived to con- 
sist of three additive components: (a) 
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Fic. 3. Mean error as a function of em- 
pirical pointer fluctuation standard devia- 


tion. (The 2 and 1 under each ¢ refer to 
the session half. Units are those of the 
scale.) 


Tn, the true pointer position, (b) Wn, 
the systematic error component, and 
(c) e, a random error. In addition, 
total error E, = Wa + e, = Ra — Ts. 
The systematic error includes an error 
constant over all trials, and an error 
which fluctuates slowly on successive 
trials. An estimate, s,?, of the random 
error variance can be obtained: 


The derivation of the estimate proceeds 
by substituting w’s and e’s for Es. The 
w’s cancel out under the approximation 
that 


a2 Un41 + Wani 
VE aA 


The analysis of variance on sy 
yielded the following significant effects : 
Reader-Predictor, p < .025; es — es, 
p «025. The analysis on s, yielded: 
Reader-Predictor, p < .025; e» — os, 
p «.001; first half-second half, p < 
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.001. The first half-second half effect 
is not clearly interpretable, since the 
empirical s, differed somewhat in the 
two half sessions, and the effect of this 
difference is confounded with the prac- 
tice effect. 


Discussion 


The prediction task of the present 
experiment is similar to the task of 
Suppes and Frankmann (1961) and 
Rosenberg (1963), in that prediction of 
a pointer on a continuum is required. 
For those authors, the successive stimuli 
were random sample points from a prob- 
ability distribution, whereas for the pres- 
ent task, the successive stimuli were 
random sample points from a probability 
distribution added on to the last pointer 
position, The findings for the two tasks 
cannot be directly compared, since the 
response variance, e.g, is not a stable 
quantity for the present task, but in- 
creases with trials. Likewise, the mathe- 
matical formulations of Suppes and 
Frankmann (1961), and of Anderson 
(1964) have not explicitly worked out 
for the present task. 

It is possible to compare the relative 
responses, d, of the present task, with the 
responses of the random sample task. 
In that case behavior for the two tasks 
appears similar. Response variance 
roughly matches stimulus variance, and 
the response distribution is leptokurtic 
when the stimulus distribution is normal. 

The results on estimation errors 
broaden findings of Senders and Cohen 
(1955), and Cohen and Senders (1958), 
in that the series with greater sequential 


constraint (s,) were estimated with 
greater accuracy. For Senders and Cohen, 
sequential constraint meant either re- 
peating the same stimulus over and over, 
or increasing or decreasing the pointer in 
a regular and determinate manner. The 
sort of pointer constraint in the present 
experiment, with random variation, has 
the pointer moving in a way that is per- 
haps more in line with real life instru- 
ment constraints. The confirmation of 
their findings gives their conclusions an 
added dimension of generality. 
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MAGNITUDE EFFECTS IN A T MAZE: 
BETWEEN AND WITHIN SUBJECTS* 
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Rats were given 1 trial per day in a T maze where the alternatives 
were associated with differential reward magnitude (Wg) and/or per- 
centage reinforcement (96). Emquivalent experience with the alterna- 
tives was assured by interspersing forced among free trials through- 
out acquisition and extinction. The 6 groups of 16 Ss each included : 
12-12:50% (12 pellets were given upon each entry into the more favor- 
able alternative [MFA] and 12 pellets were given on 5076 of the 
entries into the less favorable alternative [LFA], 12-12, 1-1:50%, 
1-1, 12:50%-1, and 12-1. Evidence was obtained for: (a) the effect 
of reward magnitude and long intertrial interval on the ubiquitous 
character of the PRE; (b) certain simultaneous contrast effects; (c) 
reversed, as contrasted with conventional, PRE in terms of choice be- 
havior ; and (d) within-S effects of % which were different from those 


obtained between Ss. 


Nearly all research dealing with the 
effects of various reinforcement condi- 
tions has compared the performance of 
independent groups of Ss which have 
experienced one given value of the re- 
inforcement condition in question. The 
results obtained may or may not be ap- 
plicable to questions such as, “Tf S has 
associated Stimulus X with large re- 
ward and Stimulus Y with small re- 
ward, what will be the relative rate of 
extinction of his response to X and Y 
when reward is removed from both 
alternatives?," or to analogous ques- 
tions concerning the percentage of re- 
inforcement. It can be seen that the 
former instance deals with the abso- 
lute effects of reinforcement conditions 
on S’s behavior, while the latter con- 
cerns relative effects. Operationally, 
the former instance concerns behavioral 
consequences between Ss, while the 
latter involves within-S comparisons. 


1This research was supported by funds 
from United States Public Health Service 
Grants MH-08770-01, MH-08888-01, and M- 
07844. 


The present experiment investigated 
the effects of reward magnitude (Wg) 
and percentage reinforcement (96) in 
both of the above respects. That is 
to say that this experiment studied the 
acquisition and extinction behavior of 
separate groups which differed in terms 
of the % or Wg which they experienced 
upon a particular stimulus-response 
contingency. This, of course, rep- 
resented the conventional between-S 
comparison. In addition, this experi- 
ment included analogous within-S 
comparisons employing the identical 
values of % and Wg. These within-S 
comparisons included measurement of 
Ss’ behavior to, say, Alternative A 
with which large Wg (or %) was 
associated relative to Alternative B 
with which small Wg (or %) was 
associated. 

There were two other specific aims 
of this investigation. First, that char- 
acteristic of the conventional partial- 
reinforcement effect (PRE) in extinc- 
tion which might be termed “ubiquit- 
ous" was tested with a 24-hr. intertrial 
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interval, as a function of Wg, and in 
terms of several relatively refined re- 
sponse measures. In several previous 
studies which have employed the 
straight-alley runway, the magnitude 
of the PRE has been shown to depend 
upon both Wg and the response meas- 
ure (e.g., Wagner, 1961). The term 
"ubiquitous PRE" refers to the fact 
that Ss which have been partially re- 
inforced on a single S-R combination 
tend to exhibit a PRE for several S-R 
combinations, including those that al- 
ways had been continuously reinforced 
(Spear, 1964). Second, certain effects 
of 96 on choice behavior, such as the 
"reversed PRE" (Pavlik & Reynolds, 
1964), were tested when the alterna- 
tives held equally large or equally small 
rewards, and when the alternatives 
differed greatly in terms of their re- 
spective Wg's (cf. Spear, 1964). 


METHOD 


Subjects and apparatus.—The Ss were 96 
(six groups of 16 each) female albino rats 
of the Sprague-Dawley strain, 65-75 days 
old at the start of their T-maze experience. 
Two additional rats of the same description 
had died during the experiment and were 
replaced. The T maze has been described 
by Spear and Hill (1965; Exp. II). The 
responses measured included stem speed 
(measured from the opening of the start- 
box door to a point 6 in. before the choice 
point), turning speed (measured from 6 in. 
before to 6 in. beyond the choice point), 
committed speed (measured from 6 in. be- 
yond the choice point in each arm to 2 in. 
before the food cup; a distance of 18 in.), 
and, of course, choices on free trials. 

Procedure and design—Prior to T-maze 
experience, each S received nine daily ses- 
sions of taming and experience eating the 
.045-gm. Noyes reward pellets (the specific 
procedure may be found in Spear, 1964), 
during which time they adjusted to the depri- 
vation schedule. This schedule consisted of 
l hr. of free feeding beginning 20-30 min. 
after the single T-maze trial of each day, 
and it was maintained throughout the ex- 
periment. 

On each daily trial, the start-box door was 
opened 3 sec. after S' had been placed there 
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facing away from the door. If S did not 
enter an alternative arm of the T maze 
within 2 min. after leaving the start box 
(this happened very infrequently), S was 
placed in the appropriate goal box on a 
forced trial, or in a randomly determined 
goal box on a free choice, and 120 sec. was 
recorded for all incomplete time measures. 
Upon entry into a goal box, S was detained 
for a minimum of 15 sec., or until all pellets 
were consumed. Acquisition training con- 
sisted of free trials, during which S could 
enter either alternative, and forced trials, 
when only one alternative was open to S. 
The ordering of free and forced trials was 
repeated in successive blocks of four trials. 
The first trial of each block was free, and 
on the second trial S was forced to the al- 
ternative opposite that chosen on the preced- 
ing free trial. On one of the third and 
fourth trials, S was forced to the more fa- 
vorable alternative (MFA) in terms of 
greater Wg and/or 96; and on the other, S 
was forced to the less favorable alternative 
(LFA). Thus, equivalent experience with 
the alternatives was assured. The direction 
of forcing on the third and fourth trials of 
each four-trial block was determined accord- 
ing to one of two previously set, random 
schedules. "These schedules were constructed 
and assigned so that, on any one of these 
trials, half the Ss in each group went to the 
MFA (which was the left arm for a random 
half of these Ss and the right arm for the 
remainder), and half went to the LFA. Un- 
less otherwise specified, speed data are based 
upon speeds from these randomly forced 
trials. 

Acquisition continued for 78 trials (78 suc- 
cessive days). The sequence of free and 
forced trials continued throughout extinc- 
tion, which differed from acquisition only in 
the absence of reward in either goal box. 
Thus, extinction was begun on Trial 79 
(seventy-ninth successive day). Each S 
therefore received one randomly determined 
experience (on either Trials 79 or 80) with 
the unrewarded MFA and one with the un- 
rewarded LFA before making a free choice 
in extinction. Thirty-two extinction trials 
were given, one on each of 32 successive 
days. 

Treatment during acquisition differed 
among the groups in terms of the number 
of pellets (Wg) and the percentage of rein- 
forcement (%) presented in the alternative 
goal boxes. The groups, enumerated by the 
MFA reward preceding the dash and the 
LFA reward following the dash, included: 
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12-12:50% (ie, 12 pellets were obtained by 
S upon each entry into the MFA and 12 
pellets were obtained on a randomly deter- 
mined 50% of their entries into the LFA) ; 
1-1:50%; 12:50%-1; 12-12; 1-1; and 12-1. 
Each S$ in Groups 12-12 and 1-1 had its 
MFA determined at random prior to training. 


RESULTS 


In view of the number of response 
measures and experimental conditions, 
it can be seen that separate comment on 
even the a priori important portions 
of the astronomically large number of 
possible analyses would be spatially 
impractical. Therefore, Tables 1 and 
2 may be consulted for within-S com- 
parisons and specific between-S dif- 
ferences (evaluated by the Duncan 
multiple-range test, p < .05; Edwards, 
1960), and Fig. 1-4 show the course 
of acquisition and extinction over trials 
for each response measure except stem 
speed. 

Choice behavior in acquisition and 
extinction.—The probability of choos- 
ing the MFA during acquisition was 
greater the greater the average reward 
(product of % and Wg) obtained 
there relative to that obtained in the 
LFA (See Fig. 1). There are two 
major points to be made from these 
data, 

First, it can be seen that Group 12- 
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Fic. 1. Probability of choosing the MFA in 
acquisition and extinction. 


PROBABILITY OF CHOOSING MFA 


12:50% clearly preferred (i.e., chose) 
the MFA over the LFA to a consider- 
ably greater degree (p < 05) than 
the comparable group with lesser re- 
ward magnitude, Group 1-1:50%. This 
cleanly demonstrates the fact cited 
often within the framework of frustra- 
tion theory (see Amsel, 1962) that a 
series of nonrewarded experiences (oc- 
curring equally often on the LFA for 
both groups in the present case) is a 
more effective deterrent to performance 
the larger the reward that has been 
experienced in that situation. 

Second, it is shown in the extinc- 
tion portion of Fig. 1 that Group 12-1 
persisted most strongly in choosing the 


TABLE 1 


MEAN AND SD or RUNNING SPEED 
IN THE LATTER PORTION 


(Fr/SEc) ron EACH RESPONSE MEASURE 
(TRrALs 67-78) OF ACQUISITION 


Turning Committed 
Stem 
Group MFA LFA MFA LFA 

M SD M SD M SD 
12-12:50% 63n1 | -30 | 240m | .57 | 2.350,»| 54 
12-12 "50,5 | 21 | 229m | 43 | 2.320) 4 
1-1:50% “A5;% | 20 0208». -45 |2l0pa| -54 
1-1 40x 17 |181. | 45 | 1-944 2 
12:50%-1 67,1 | 22 | 244m | -52 | 2.50. | 49 
12-1 79), 27 | 3.06, 59 |2.57, | .58 


Note.—In each column, group mean speeds with a common letter subscript do not differ at p < .05. 


en 
pe] 
> 


[ceci 


m 


o—o 2-1 


a +t 


MFA COMMITTED SPEED (FT/SEC) MFA TURNING SPEED 


BLOCKS OF 4 TRIALS 


Fic. 2. Turning and committed speed to the 
MFA during acquisition. 


formerly MFA after reward was no 
longer attained there. This differed 
(p < .05) from all other groups which 
were choosing the alternatives with 
about equal frequency at the end of 
extinction. In this particular respect, 
the comparison of Group 12:50%-1 
with Group 12-1 defined a reverse 
PRE (Pavlik & Reynolds, 1964). 
That is to say that the greater persist- 
ence by the formerly continuously 
reinforced, relative to the formerly 
partially reinforced, group in choosing 
the MFA is quite opposite to the 
conventional PRE. Similarly, evidence 
for a reverse PRE was also shown 
within Ss by Group 12-12:50%, which 
never revealed a preference for the 
partially reinforced alternative. 
Running speed in acquisition—It 
may be seen in Table 1 and in Fig. 2 
and 3 that Group 12-1 had the greatest 
mean speeds in acquisition, particularly 
in terms of MFA speeds. It is espe- 
cially significant that the greater speed 
to the MFA by Group 12-1 compared 
with Group 12-12 defined a simultane- 
ous contrast effect of reward magnitude 


NORMAN E. SPEAR AND WILLIAM B. PAVLIK 


(see Spear & Hill, 1965) in the form 
of an “elation” effect. However, no 
contrast effects of the “depression” or 
"undershooting" type occurred. That 
is to say that in no instances were 
speeds slower to a given alternative be- 
cause of the greater % or Wg avail- 
able in the remaining alternative. For 
example, Ss in both of Groups 12-1 
and 12:50%-1 had greater turning 
and committed speeds to their one- 
pellet side than was the case in either 
of Groups 1-1 and 1-1:50%. This 
"carry-over" of the effect of MFA 
reward magnitude to produce greater 
speeds on the LFA is precisely op- 
posite to the simultaneous-contrast ef- 
fects reported by Spear and Hill 
(1965). The important difference is 
likely that Spear and Hill employed a 
much shorter intertrial interval than 
that used in the present experiment. 
Comparison of Groups 12-12, 12- 
12:50%, 1-1, and 1-1:50% in terms of 
2X2 factorial analyses of variance 
revealed faster turning and committed 
speed the greater the Wg, F(1,60) — 
22.84 and 8.84, respectively, (p <.01), 
and in neither case did the interaction 
between % and Wg approach signifi- 
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Fic. 3. Turning and committed speed to the 
LFA during acquisition. 
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TABLE 2 


MEAN AND SD or RUNNING SpkED (FT/SEC) Fon EAcH RESPONSE MEASURE 
IN THE LATTER Portion (TRIALS 17-32) OF EXTINCTION 


Turning Committed 
Stem 
Group MFA LFA MFA LFA 
M SD M SD M SD M SD M SD 
12-12:50% 12.07,» | .40 -30, 16 25an 13 13;x| .57 76m 61 
12-12 1.64,6 68 14r 07 16s; 10 28 .23 31a 21 
1-1:50% 1:919 9:97. A7; 08 175,1 10 58x,1| .50 54m, n 32 


Note.—In each column, group mean speeds with a common letter subscript do not differ at p < .05. 


cance. The effect of the variables, 
especially 76, was somewhat clouded 
by the nature of the turning-speed 
measure. It should be clear that the 
time required for passing through the 
turning portion of the T maze on a 
forced trial must be determined to a 
great extent by S's initial turning mo- 
tion (the forcing door is not visible 
prior to the turning portion). Thus, 
the stronger the tendency for an MFA 
choice, the faster the turning speed to 
the MFA on a forced choice simply 
because S is already "turning" in that 
direction as he nears and passes through 
the choice point. Now this differ- 
ential turning tendency should not 
have affected the committed speed. 
Thus, the finding that Ss which re- 
ceived the lesser % on the LFA had 
the greater MFA turning speed (p < 
.01) is viewed as artifactual since this 
variable had no significant effect on the 
committed speed. It will be maintained 
that (in this experiment) % had no 
effect on running speed during acquisi- 
tion, though the effect of % in extinc- 
tion was powerful and ubiquitous. 
Running speed in extinction.—Three 
basic sets of facts emerged from these 
extinction data summarized in Table 2 
and Fig. 4, First, when the alterna- 
tives held equivalent Wg, Ss that had 


been partially reinforced in (only) the 
LFA were more resistant to extinc- 
tion of all running responses than were 
Ss that had experienced only continu- 
ous reinforcement. Second, in spite 
of this clear PRE which occurred when 
comparisons were made between in- 
dependent groups, no reliable evidence 
could be found for a PRE within Ss. 
That is, Ss did not respond more 


"Blocks OF 4 TRIALS 

Fic. 4. Turning and committed speed to 
the formerly MFA (left half) and turning 
and committed speed to the formerly LFA 
(right half) during extinction, plotted in 
blocks of four randomly forced trials, which 
blocks encompass 32 days of T-maze extinc- 
tion. 
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persistently to the previously partially 
reinforced alternative relative to the 
previously continuously reinforced al- 
ternative. In fact, with the exception 
of Group 12-12:50%, the relationship 
was generally quite the reverse. Third, 
the groups that had received differ- 
ential reward magnitude in the MFA 
and LFA during acquisition (Groups 
12-1 and 12:50%-1) continued to per- 
form above the rest in most response 
measures during extinction. 

The ubiquity of the PRE was sub- 
stantiated with analyses based upon 
mean speed during the last half of ex- 
tinction. The factorial analyses of 
Groups 12-12, 12-12:50%, 1-1, and 
1-1:50% revealed greater turning and 
committed speeds to the MFA (which 
had been continuously reinforced for 
all groups) for the groups that had 
been partially reinforced on the LFA, 
F(1,60) = 13.82, p<.01, and F(l, 
60) = 7.72, p < .025, respectively. Sim- 
ilar analyses revealed the same relation- 
ships for turning speed to the LFA, 
F(1,60) = 5.28, p< .05, committed 
speed to the LFA, F(1,60) = 12.18, 
p < 01, and for stem speed, F (1,60) = 
6.22, p < .025. In other words, a con- 
ventional PRE was obtained in all be- 
tween-Ss running-speed comparisons, 
including those directed toward stimuli 
which had formerly been associated 
with continuous reinforcement. More- 
over, there is evidence that this ubiquit- 
ous feature of the PRE cannot be ac- 
counted for in terms of simple stimulus- 
generalization effects (see Discussion). 


Discussion 


The results of this experiment may be 
condensed into four major findings: (a) 
Effects obtained within Ss were not 
entirely consistent with those obtained 
between Ss. (b) The PRE on running 
speed retains its ubiquitous character 
under conditions of very long intertrial 
interval and with both large and small 


Wg. (c) The tendency of Ss to prefer 
(in terms of choice) a continuously re- 
inforced over a partially reinforced alter- 
native during acquisition is directly re- 
lated to Wg, and the extinction of the 
preference for a partially reinforced MFA 
may be more rapid than that for a con- 
tinuously reinforced MFA (a reverse 
PRE; cf. Pavlik & Reynolds, 1964). (d) 
The simultaneous contrast effect (cf. 
Spear & Hill, 1965) which was measured 
in terms of Wg—an “elation” effect to 
the MFA and a “carry-over” effect to the 
LFA—was markedly different from that 
obtained previously with relatively massed 
trials. 

These four major results are considered 
briefly below, in their respective order. 

l.Performance in acquisition and ex- 
tinction was better the larger the Wg, 
whether the comparison was within Ss 
(between differentially rewarded alterna- 
tives) or between separate groups of Ss. 
However, the conventional PRE obtained 
between groups did not occur within Ss. 
Instead, when S experienced partial re- 
inforcement in one alternative and con- 
tinuous reinforcement in the other, resist- 
ance to extinction of the responses to 
both of them was increased rather uni- 
formly, in accord with the ubiquitous 
nature of the PRE. That is to say that 
Ss ran faster (or equally fast) in both 
acquisition and extinction to the alterna- 
tive that was associated in acquisition 
with the larger Wg or, when Wg’s were 
equivalent, the larger % (cf. Spear, 
1964). One near exception—greater ex- 
tinction speed to the former LFA than 
to the MFA by Group 12-12:50% (a 
“within-S PRE")—did not attain statist- 
ical significance. 

2. Obviously related to Result 1 is the 
finding that the PRE for running speed 
may be obtained in a family of several 
stimulus-response combinations, provided 
only that S had been partially reinforced 
upon the occurrence of at least one mem- 
ber of the family. Moreover, other evi- 
dence (Lewis, see below; Spear, 1964) 
has shown that this phenomenon cannot 
be written off as a simple consequence of 
stimulus generalization. This ubiquitous 


PARTIAL REINFORCEMENT AND REWARD IN THE T MAZE 527 


feature of the PRE is predictable from 
several current theories concerned with 
the PRE (e.g. Amsel, 1962; Capaldi & 
Hart, 1962), though some restriction on 
the membership of S-R combinations 
which are affected appears inevitable. 
However, it is not clear how this restric- 
tion—the bounds on the family member- 
ship of the stimulus-response combina- 
tions that are concurrently increased in 
resistance to extinction—is defined. One 
probable restriction concerns the con- 
summatory response. For example, 
Lewis ? has shown that partially reinforc- 
ing a running response in a straight alley 
following Skinner-box experience under 
CRF results in subsequently increased 
resistance to extinction of the bar-pressing 
response. Thus, a PRE occurred in a 
previously continuously reinforced re- 
sponse because Ss had experienced partial 
reinforcement in another, quite distinctly 
different, situation. This ubiquitous PRE 
did not occur, however, when the reward 
(and consummatory behavior) in the 
Skinner box (sucrose solution) differed 
from that obtained in the straight alley 
runway (Noyes pellets). 

3. The fact of greater preference in 
acquisition for continuous over partial 
reinforcement the larger the reward 
magnitude points clearly to the phenom- 
enon that has been studied most often in 
the double runway (cf. Bower, 1962)— 
that a nonreward affects behavior in 
direct proportion to the magnitude of the 
reward that had been offered. The other 
major result with choice behavior—the 
more rapid decline of MFA preference in 
extinction by Group 12:50%-1 compared 
with Group 12-1—may be considered to 
be further evidence for the reversed PRE 
in choice behavior that is obtained when 
the groups are equated in terms of experi- 
ence with the LFA and MFA (Pavlik & 
Born, 1962; Pavlik & Reynolds, 1964). 
Similar evidence that a reversed PRE 
occurs when S has had equal experience 
with both schedules of reinforcement has 
also been reported for bar-pressing be- 
havior (Pavlik & Carlton, 1965). The 
generalization that begins to emerge is 


2D. J. Lewis, Rutgers University, per- 
sonal communication, 1964. 


that, whenever differential experience 
with the LFA and MFA is not confounded 
with the independent variable, choice of 
the MFA in extinction is greatest for 
groups that have experienced the greatest 
differential between the MFA and LFA 
in terms of average reward (the product 
of percentage reinforcement and magni- 
tude of reward) during acquisition (see 
also Spear, 1964). 

4. Finally, the running behavior of the 
groups who experienced different magni- 
tudes of reward in the MFA and LFA 
(Groups 12-1 and 12:50%-1) must be 
reckoned with. These groups ranked at 
or near the top in terms of nearly all the 
speed measures to the LFA and MFA in 
both acquisition and extinction. It is not 
at all obvious why this was the case, 
particularly in view of comparable data. 
As mentioned above, data collected on 
the same apparatus but with shorter 
intertrial interval (Spear & Hill, 1965, 
Exp. II) indicate that Group 12-1 in 
the present experiment ran faster than 
Group 12-1 in the Spear and Hill experi- 
ment, but that the opposite relationship 
held for Groups 1-1 in the two experi- 
ments. Moreover, this is clearly not a 
matter of sampling error since the reli- 
ability of the performance of Groups 12-1 
and 1-1 in the present experiment is con- 
firmed by the similar performances of 
Groups 12:50%-1 and 1-1:50%, re- 
spectively, and three subsequent experi- 
ments by the first author have confirmed 
the findings of Spear and Hill (1965). 
It is most likely that some process 
intrinsic to the procedure of giving one 
trial per day is responsible for the inflated 
speeds found in the present study for 
Groups 12-1 and 12:50%-1. Clearly this 
process is not yet understood. 
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PREDICTING DISCRIMINATION LEARNING FROM 


DIFFERENTIAL CONDI 


TIONING WITH AMOUNT 


OF REINFORCEMENT AS A VARIABLE* 


R. A. CHAMPION ax L. R. SMITH 
University of Sydney 


On each of 52 days 34 rats were given 3 forced trials in single black 
and white alleys (differential conditioning) after 1 free trial with both 
alleys available (nonspatial discrimination learning). Runs in one 
alley were followed by .5 gm. and in the other by .05 gm. of food, the 
larger reward being given in white for half and in black for half the 
group. The schedule of forced trials was arranged so that the rats ran 
twice in each alley every day. 13 rats (discriminators) showed sig- 
nificant discrimination learning. On forced trials response strength 
was greater for large than small reward, and less for discriminators 
than nondiscriminators; the differential effect of amount of reward 
was greater in the discriminators. Prediction of discrimination learn- 
ing from differential conditioning performance was possible only for 
discriminators. These findings were interpreted in terms of position 


preferences and drive strength. 


The interpolation of free among 
forced trials for the same Ss in a two- 
response situation has allowed tests of 
predictions from the simpler differen- 
tial conditioning data (forced trials) to 
the course of the more complex dis- 
crimination learning (free trials). The 
method has been used with delay of re- 
inforcement (Loess, 1952), response 
frequency (Ramond, 1954; Smith & 
Champion, 1963), and hunger (Spence, 
Goodrich, & Ross, 1959) as variables, 
and was extended to amount of rein- 
forcement in the following experiment. 
In particular, a test was made of the 
hypothesis that the fractional antici- 
patory goal response, thought to medi- 
ate incentive effects, is better learned 
with a large than a small amount of 
food reinforcement (Spence, 1956, pp. 
140-141). In the two-response free- 
forced trial procedure this implies that 
if one response is followed by large and 
the other by small reward, the differen- 


iThis study was supported by University 
of Sydney Research Grants 1963-64. Eliza- 
beth Rainer and Jane Iliff assisted in the 
treatment of data, 


tial conditioning curves for the two re- 
sponses should diverge and then con- 
verge, so that discrimination learning 
performance rises to a maximum at the 
point of greatest divergence and then 
falls with the convergence. 


METHOD 


Subjects.—The Ss were 34 experimentally 
naive male albino rats, 60 days old at the 
beginning of the experiment. 

Apparatus.—The apparatus was similar in 
construction and identical in measurements 
to that of Spence et al. (1959), consisting of 
a movable battery of two single alleys (for 
forced trial) and two double alleys (for 
free trials), all four being mounted on rails 
so as to be served by one fixed entry start- 
ing box. The internal walls of one single 
alley were painted flat white throughout, the 
other black; in each pair of double alleys 
the walls of one were white, the other black, 
the white alley being on the left in one case 
and the right in the other pair to allow non- 
spatial discrimination learning. The entry 
starting-box walls were painted flat midgray 
throughout. The lids of white alleys and the 
entry starting-box section were clear plastic 
and those of black alleys neutral tint. Lift- 
ing an opaque guillotine door at the end of 
the starting box closed a microswitch to 
start one clock, and the passage of the rat’s 
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body across a $-in. gap in the polished alumi- 
num floor at this point stopped the first clock 
to give a measure of starting time and started 
a second clock; crossing a similar gap near 
the goal stopped the second clock to give a 
measure of running time. The apparatus 
was located in a sound-reduced room. 
Procedure—The Ss were placed on a 24- 
hr. food and water deprivation schedule for 20 
days before training; at 12:30 p.m. each day 
they were allowed to eat a mixture of equal 
weights of dry mash and water for 30 min. 
in individual feeding boxes. Training took 
place between 8:30 a.m. and 12:30 p.m, each 
day; it consisted of four trials daily for 52 
consecutive days and followed the procedure 
of Spence et al. (1959). The first trial each 
day was a free trial, the location of the 
white relative to the black alley being de- 
termined by repetitions of the sequence 
RLLRRLRRLLRLLRRLRRLL. The re- 
maining trials each day were forced runs in 
alleys the same as (S) and different from 
(D) that chosen on the first trial, with 
double alternation between the sequences 
SDD and DDS on successive days. For 
half the Ss runs in white were followed by 
large reward and runs in black by small re- 
ward, the opposite holding for the remaining 
Ss. Large and small reward consisted of .5 
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and .05 gm. dry weight of food, respectively, 
mixed with equal quantities of water by 
weight and presented in glass food cups at 
the goal end of the alleys. The S was re- 
moved from the alley as soon as it finished 
eating and the intertrial interval in each set 
four daily runs for a given animal was not 
less than 12 min. The criterion of discrimi- 
nation learning was 10 or more choices of 
the large reward alley on 12 successive free 
trials. 


RESULTS 


Differential conditioning. — Starting 
and running times were converted to 
speed measures with a reciprocal trans- 
formation. Scores on Trial 3 each day 
were disregarded, leaving one forced 
trial daily in each of the white and black 
alleys, with large and small or small 
and large reward, respectively, and one 
free trial daily. Mean running speeds 
over blocks of four forced trials are 
shown in Fig. 1, with separate plots for 
Ss that did and did not reach the cri- 
terion of discrimination learning used 
on free trials (discriminators and 
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Fic. 1. Differential conditioning performance: mean runnin i 
e [ : g speeds for successive blocks 
of four forced trials with large and small reward for discriminators (N — 13) and nondis- 
criminators (N —21). (The smooth curves were fitted visually.) 
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nondiscriminators, respectively). The 
shape of the smooth curves fitted vis- 
ually to these data was such that even- 
tual convergence of performance with 
large and small reward would be most 
unlikely, no matter how prolonged the 
training. An analysis of variance was 
applied to the mean scores for each Ay 
over the last 20 trials (Blocks 9-13) ; 
there were significant main effects for 
large vs. small reward, F (1,32) — 
113.30, p < .01; discriminators vs. non- 
discriminators, F (1,32) = 7.46, p < 
01; and for the interaction of these 
two variables, F (1,32) = 12.60, p< 
01. Performance on forced trials in 
the alley with large reward was signifi- 
cantly better than that in the alley with 
small reward both for discriminators, 
t (12) =5.59, p<.01, and nondis- 
criminators, t (20) — 3.06, p < 01, 
but the nature of the interaction was 
such that the mean superiority was sig- 
nificantly greater for the discriminators, 
t (32) = 3.60, p < 01. These features 
of the running-speed data were also 
found in the starting-speed scores. 

Discrimination learning. — Thirteen 
of the 34 Ss reached the criterion of 
discrimination on free trials, and none 
of the remaining Ss chose the large re- 
ward on more than 6 of 12 successive 
free trials. The performance curves 
for discrimination learning are shown in 
Fig. 2; whereas the riondiscriminators 
appeared to vary about the 50% level 
the discriminators rose to approxi- 
mately the 95% level on the last two 
blocks of trials, a performance signifi- 
cantly above chance, x? (1) = 10.17, p 
< 0l. On and after the twenty-fifth 
day of training (Block 6) a record was 
kept of cases of vicarious trial and er- 
ror (VTE) at the choice point on free 
trials; the mean frequency of VTE was 
significantly greater among the dis- 
criminators, 11.77 vs. 5.38; t (32) = 
2.79, p < 01. 
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Fic. 2. Discrimination learning perform- 
ance for successive blocks of four free trials 
with discriminators (N — 13) and nondis- 
criminators (N —21). (The point a on the 
abscissa represents the first trial of the first 
block; the triangles show predictions from 
the data points of Fig. 1, while the continu- 
ous smooth curves represent prediction from 
the fitted curves of Fig. 1.) 
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A. feature of the differential condi- 
tioning data was the faster running of 
the nondiscriminators (Fig. 1), and 
this was also true of discrimination 
performance; on the free trials of Block 
13, for example, excluding cases where 
the rat stopped in the alley or where 
only one of the four runs occurred 
without interference, the discriminators 
were still slower than the nondiscrimi- 
nators, t (28) = 2.96, p < 01. A fur- 
ther test was made of this finding by 
ranking Ss in order of the means of 
their fastest forced runs in Block 13 
and by comparing the discrimination 
learning of the 17 faster Ss with that of 
the 17 slower Ss. The slower Ss gave 
superior performance, rising to an av- 
erage level of approximately 80% on 
the last two blocks of trials, which was 
significantly above chance performance, 
xX (1) = 5.88, p < 02, while no sig- 
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nificant rise occurred in the perform- 
nace of the faster Ss. There were 
more discriminators among the slower 
than the faster Ss, 14 vs. 3; x* (1) — 
7.75, p < 01, and a greater mean fre- 
quency of VTE, 13.06 vs. 2.59; t (32) 
= 4.13, p < 01. 

Predicting discrimination perform- 

ance from differential conditioning data. 
—Tests were made of the possibility of 
predicting from forced-trial data (Fig. 
1) to performance on free trials (Fig. 
2). In view of the time lag between 
the trials in these two categories that 
was taken into account each day (at 
least 12-36 min.), it seemed appropri- 
ate to allow for errors in forced-trial 
mean scores as estimates of response 
strength by working with trends rather 
than specific obtained values. Various 
attempts to fit the same relatively sim- 
ple function to each of the four sets of 
data points in Fig. 1 were unsuccessful, 
however, and recourse was made to vis- 
ually fitted curves. Predictions were 
made from these trends by assuming 
that (a) the standard deviation of 
scores was constant at .35 (a best esti- 
mate on the basis of obtained values) 
and (b) all estimated response 
strengths were superthreshold (since 
there were no cases of an animal not 
running on a forced trial). With these 
assumptions, predictions were made on 
the basis of differences between fitted 
values in the general manner outlined 
by Spence (1956, pp. 237-242) to pro- 
duce the curves of Fig. 2. Because of 
the discrepancies between the visually 
fitted trends and the obtained means, 
particularly over Blocks 1-4 (Fig. 1), 
predicted values on the basis of differ- 
ences between obtained values are rep- 
resented in the triangular symbols of 
Fig. 2. The predicted and obtained 
discrimination performances. corre- 
sponded fairly well for the discrimina- 
tors, at least over Blocks 5-13, but not 
for the nondiscriminators. 
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DISCUSSION 


The course of performance on forced 
trials (differential conditioning, Fig. 1) 
ran counter to the hypothesis that a frac- 
tional anticipatory goal response of the 
same initial magnitude is better condi- 
tioned with large than small reward. 
When first considering this hypothesis, 
Spence (1956, pp. 140-141) noted that 
no experiment had been conducted with 
sufficient trials to allow the separate per- 
formance curves for responses followed 
by large and small reward to reach the 
predicted common asymptote, the best 
available evidence being in a study from 
the Iowa laboratory with 48 trials under 
each condition (Spence, 1956, p. 131). 
Since that time studies of differential con- 
ditioning with magnitude of reward as a 
variable have been conducted by Bower 
(1961) with 64 trials, and Goldstein and 
Spence (1963) with 75 trials, but neither 
showed any evidence of convergence in 
the curves late in training. Since the 
present study allowed not only 104 trials 
but also an independent test of the hy- 
pothesis in discrimination learning as 
well as differential conditioning, the re- 
sults seem to put the issue beyond reason- 
able doubt. 

It was found in this experiment, how- 
ever, that discrimination learning per- 
formance could be successfully predicted 
from differential conditioning data for Ss 
who showed discrimination learning. The 
rationale of this type of prediction in- 
volves the basic assumption that the 
discrimination learning situation differs 
from differential conditioning only in 
allowing the two discriminanda to be 
presented simultaneously on the one trial 
instead of separately on different trials. 
If the two situations differ in one or more 
other important respects as well, then 
successful prediction cannot be expected. 
Thus the unsuccessful prediction in the 
case of the nondiscriminators of the 
present study may be explained through 
the fact that the nonspatial discrimina- 
tion learning situation allowed position 
preferences to come into play. Except 
for three discriminators, all Ss showed 
a position preference (turning to the 
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same side on 10 or more of 12 successive 
free trials), usually from the outset of 
training, which persisted in the non- 
discriminators and was replaced by con- 
sistent choice of the large reward alley 
in the discriminators. Thus it was pos- 
sible for the nondiscriminators to show 
superior performance in the large reward 
alley during differential conditioning, 
where the forced trials made the position 
preferences inoperative, and yet perform 
at a chance level in discrimination learn- 
ing, where the free trials allowed position 
preferences to dominate. If the difference 
in response strength on forced trials for 
runs in alleys with large and small re- 
ward had reached sufficient magnitude, 
it could have dominated the effect of 
position preferences on free trials, so 
that in this sense there is a threshold 
value of the difference which must be 
exceeded for successful prediction, a value 
which may have been reached in the 
discriminators. 

A further problem concerns the un- 
successful prediction for the discrimi- 
nators on early trials, at least on the 
basis of obtained rather than fitted forced- 
trial values, and a solution presumably 
again lies in some difference between the 
conditions of free and forced trials other 
than simultaneous vs. successive presenta- 
tion of the black and white discriminanda. 
Inspection of the differential condition- 
ing data (Fig. 1) showed that on Blocks 
2-3 performance was superior in the 
small reward alley for the discriminators, 
whereas their discrimination performance 
at the same stage already contained some 
preference for the large reward alley; the 
nondiscriminators gave the same differ- 
ence in forced-trial performance over 
Blocks 2-4. However, at Block 2, where 
this overall effect in forced-trial perform- 
ance was greatest, it was not statistically 
significant, F (1,32)= 3.41, p».05. It 
should also be noted that the preference 
for the large reward alley in the dis- 
criminators on free trials at Block 2 
(Fig. 2) was not significantly above 
chance. As a further check on the sig- 
nificance of this discrepancy between free- 
and forced-trial performance, a test was 
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made in the Block 2 data of the possibility 
that the receipt of large reward on the 
first two daily trials (one free, one 
forced) might boost performance on the 
second two daily trials (both forced), as 
a form of incentive motivation, or that 
conversely, two trials with small reward 
might boost succeeding performance as a 
frustration effect. There was a small dif- 
ference in the direction of an incentive 
motivation effect, but it was not statist- 
ically significant, t (33) — .65, p > .50. 
Another feature of the data was the 
inverse relation between absolute re- 
sponse strength in differential condition- 
ing and level of performance in dis- 
crimination learning, for the nondiscrim- 
inators ran faster on forced trials, and 
the faster half of the total group showed 
inferior discrimination. If the discrimi- 
nators had shown a preference for the 
large reward alley on free trials from the 
outset, presumably as a matter of chance, 
then their inferior performance on forced 
trials could have been ascribed to the 
fact that they there received small reward 
on a third of the trials, as against a 
half for the nondiscriminators. As shown 
in Fig. 2, however, the nondiscriminators 
showed slightly superior performance on 
the first free trial. In addition, the non- 
discriminators ran faster on free as well 
as forced trials, as sampled in Block 13, 
where they received large reward less 
frequently than the discriminators. An 
alternative interpretation of this inverse 
relationship emerges if it be assumed that 
the faster Ss were operating at a higher 
drive level than the slower ones. If there 
is little or no difference in the strength of 
the tendencies to orient to the left and 
right at the choice point, then VTE will 
occur, both discriminanda will be per- 
ceived, and discrimination is made pos- 
sible. If, on the other hand, these two 
response tendencies differ significantly in 
strength, then the learner will show a 
position preference and behavior may be 
determined by some factor other than the 
nonspatial discriminanda. The latter out- 
come is particularly likely when the re- 
sponses to both discriminanda are rein- 
forced, as in the present case. Finally, 
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if drive is thought to operate multi- 
plicatively, it should follow that when 
there is any initial difference in the 
strength of the orienting responses to left 
and right, it will be made greater in 
high-drive than low-drive Ss, so that the 
former will show stronger position pref- 
erences, less VTE, and poorer nonspatial 
discrimination learning. This interpreta- 
tion may seem to clash with the predic- 
tion and finding of Spence et al. (1959) 
that when the number of responses to 
the discriminanda is held constant, drive 
strength has no effect on discrimination 
learning. The latter outcome, however, 
depends on the absence of position pref- 
erences and on the assumption that per- 
formance in the discrimination learning 
situation depends entirely on the relative 
strength of responses to the two dis- 
criminanda, as learned during the experi- 
ment. In other words, under the condi- 
tions of the present study it may be pre- 
dicted that the effect of increased drive on 
discrimination learning depends in part 
on whether the rat’s position preference is 
dominant or not. 
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In Experiment I eyelid conditioning performance of Ss run under 1 of 
7 procedures was compared. These procedures differed either in in- 
structions (nonvoluntary, inhibitory, or problem solving), or amount 
of monetary payoffs (1¢ or 56, with the exception of the nonvoluntary 
instruction group who received no monetary payoffs), or the presence 
or absence of informational feedback. Experiment II was a partial 


replication of Experiment I. The 
ing nonvoluntary instructions was 


task for all groups but those receiv- 
the inhibition of CRs. The results 


indicated that the greatest contributions to the suppression of CRs 
were through the presence or absence of feedback and differential in- 
structions. Differential monetary payoffs were found to be rela- 


tively ineffective in either the Ist or 2nd experiments. 


The results 


were related to the operation of inhibitory sets in conditioning. 


This study investigated the effects of 
differential instructions, differential 
payoffs, and the presence or absence of 
feedback on eyelid conditioning per- 
formance. These variables were ma- 
nipulated in order to study the opera- 
tion of inhibitory sets in conditioning. 

Relative to neutral instructions, in- 
structions to inhibit eyelid responses 
during the CS-UCS interval reduce 
level of responding, most responses 
having long latencies and slow closures 
(Hilgard & Humphreys, 1938; Norris 
& Grant, 1948). Under inhibitory in- 
structions, the addition of electric shock 
as feedback for responding is virtually 
ineffective; whereas, under passive in- 
structions, where Ss are explained the 
relationship of feedback to their be- 


1 These experiments were performed while 
the senior author was an Indiana Univer- 
sity Foundation Postdoctoral Research Fel- 
low. This research was supported in part 
by a Society of Sigma Xi research grant 
and by National Science Foundation Grant 
GB-2843. 

2 Now at the University of Cincinnati. 


havior, CRs are suppressed (Norris & 
Grant, 1948). 

This paper addresses itself to the fol- 
lowing questions. First, does the addi- 
tion of nonpunitive feedback affect the 
suppression of CRs under inhibitory in- 
structions? Secondly, do differential 
monetary payoffs, as reflecting differ- 
ential incentives, affect the suppression 
of CRs under inhibitory instructions? 
Thirdly, will feedback and monetary 
payoffs without inhibitory instructions 
suppress CRs to the same extent as 
with inhibitory instructions? 


EXPERIMENT I 
Method 


Subjects and procedure.—The Ss were 
168 undergraduate students from introduc- 
tory psychology courses at Indiana Univer- 
sity. Twenty-four Ss (12 male and 12 
female) were randomly assigned to each of 
seven groups. One of the groups, run 
under nonvoluntary instructions and receiv- 
ing neither monetary payoffs nor feedback, 
served as a comparison group (NV). The 
remaining six groups were: inhibitory in- 
structions with feedback and either 1¢ pay- 


535 


536 HAROLD D. FISHBEIN AND I. GORMEZANO 


offs (IF1¢) or 5¢ payoffs (IF5¢); in- 
hibitory instructions without feedback and 
either 1¢ payoffs (INF1¢) or 5¢ payoffs 
(INF5¢); “problem-solving” instructions 
with the inhibition of CRs as a solution, 
with feedback and either 1¢ payoffs (Plé) 
or 5¢ payoffs (P5¢). Thus the extent to 
which informational feedback and differen- 
tial monetary payoffs affect performance 
under inhibitory instructions can be assessed 
by comparing the performance of Groups 
IF1¢ and IF5¢ with that of Groups INF1é 
and INF5¢. The extent to which feedback 
and monetary payoffs are sufficient to pro- 
duce an inhibitory set can be assessed by 
comparing the performance of Groups IF1é 
and IF5¢ with Groups Pl¢ and P5¢. 

All seven groups received the same gen- 
eral instructions which explained the na- 
ture of the stimuli and the CS-UCS inter- 
val. Following this, instructions specific to 
S’s group were read. The nonvoluntary 
instructions followed Gormezano and Moore 
(1962), and the inhibitory instructions fol- 
lowed Fishbein (1965). The following in- 
structions were read to the problem-solving 
instruction groups: 


Depending upon your behavior during the 
course of each trial you can win or lose 
money. Specifically, on each trial you 
can win or lose one penny (nickel). 
Everytime that the plus light will flash 
on, you have won a penny (nickel) for 
that trial. Whereas, everytime that the 
minus light will flash on, you have lost 
a penny (nickel) for that trial. 


TABLE 1 


MEAN PERCENTAGE, LATENCY, AND 
AMPLITUDE OF CRs FOR Ex- 
PERIMENTAL GROUPS 


Grou; Pi Mee wes ii 
? deter rens DR | aOR 
cu I 
F1é 45 402 2.9 
IF5é 41 408 2.9 
INF1é 60 385 3.2 
INF5¢ 55 390 3.0 
Pié 71 378 3.4 
P5é 60 374 34 
NV 80 348 3.9 
“koe 
.59 385 38 
IF1é $2 402 34 
IF5é 53 390 3.5 


Apparatus—The Ss sat on a hardbacked 
chair with an attached chin rest. A 4X4 
in. white board with a 10-cm. milk-glass 
window in its center, was on the wall ap- 
proximately 4 ft. in front of S. Two inches 
below the center disc were visible milk-glass 
“plus” and “minus” configurations. 

For all groups receiving feedback, the 
plus light was flashed after every trial in 
which S failed to make a CR. The minus 
light was flashed every time S made a CR. 
Feedback was given manually. Hence, the 
task for Ss receiving problem-solving in- 
structions was to inhibit CRs. 

The pickup and recording apparatus were 
the same as reported by Moore and Gorme- 
zano (1961). To mask equipment noise, 
50-db. white noise (measured at S’s head) 
was presented through a speaker placed in 
S’s enclosure. 

The CS consisted of an abrupt change in 
illumination and hue (to reddish orange) 
of the circular glass window from approxi- 
mately .4 to 40 mL. The UCS was a 75- 
msec. air puff, sufficient to support a 100- 
mm. column of mercury. A 500-msec. CS 
and a 500-msec. CS-UCS interval were em- 
ployed. The intertrial interval had a mean 
of 25 sec. for a total of 90 trials. 

Response measures.—A. CR was scored if 
both of the following criteria were met: 
(a) the response departed from the base 
line within the interval 150-500 msec. after 
CS onset; (b) the deflection was at least 
l mm. in magnitude within 50 msec. from 
its commencement. In addition, the latency 
and amplitude of each response were meas- 
ured. The amplitude of responses was de- 
termined by measuring the perpendicular 
distance (in millimeters) that the response 
traveled 50 msec, from its onset. 


RESULTS 


In Table 1 are mean percentage, 
mean latency, and mean amplitude of 
CRs for all groups over 90 trials. The 
entries under latency are expressed in 
milliseconds, and the entries under 
mean amplitude are expressed in milli- 
meters. Examination of the mean la- 
tencies indicates that there is no over- 
lap between different instructional or 
procedural groups, with nonvoluntary 
instructions leading to the shortest la- 
tencies, followed by problem-solving in- 
structions, then inhibitory instructions 
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without feedback, and lastly by inhibi- 
tory instructions with feedback produc- 
ing the longest latencies. The major 
consistency apparent upon examination 
of the mean amplitudes in Table 1 is 
the greater amplitude of the nonvolun- 
tary group than the other six groups. 
To determine the extent to which 
the various procedures produced inhibi- 
tory sets relative to NV, Dunnett's t 
statistic (Winer, 1962) was utilized. 
In each case, the following summary 
statements have a significance level 
equal to .05: all groups but Pl¢ gave 
significantly fewer CRs than NV; all 
groups had significantly longer laten- 
cies than NV; and only Groups IF1¢ 
and IF5¢ had significantly smaller 
mean amplitudes of CRs than NV. 
'The analyses of variance in the top 
half of Table 2 indicate that under in- 
hibitory instructions Ss receiving feed- 
back gave significantly fewer CRs and 
had significantly longer CR latencies 
than did Ss not receiving feedback. 
Differential monetary payoffs had vir- 
tually no effect, The analyses of vari- 
ance in the bottom half of Table 2 indi- 
cate that with the presence of feedback 
held constant, Ss receiving inhibitory 
instructions gave significantly fewer 
CRs, and had significantly longer CR 
latencies, than did Ss under problem- 
solving instructions. Differential mon- 
etary payoffs had virtually no effect. 


ExPERIMENT II 


In light of the relative ineffectiveness 
of differential payoffs in the above ex- 
periment, the present experiment was 
run to determine whether the perform- 
ance of Ss receiving monetary payoffs 
would be different from that of Ss not 
receiving payoffs. 


Method 


Subjects and procedure.—Three groups of 
Ss were run. Two of the groups received 


instructions identical to Groups IFlé and 


TABLE 2 


ANALYSES OF VARIANCE FOR THREE RE- 
SPONSE MEASURES: CONTRASTING IN- 
STRUCTIONS, PRESENCE OR ABSENCE 

OF FEEDBACK, AND PAYOFFS 


F Values 
Source df 

Prob- Ampli- 

ability | 2t€ncY tude 
Feedback (F) 1 6.1* 9.0** 0.5 
Payoffs (P) 1 0.5 1.1 0.1 
FXP 1 0.0 0.0 0.2 
Error (Mean Square) | 92 | C088) | (838) | (1.62) 
Instructions (1) 1 18.5** | 22.3** 1.75 
Payofts (P) 1 2.4 0.1 0.3 
I 1 0.5 0.7 

2 al 


X P 
Error (Mean Square) | 9 


IF5¢ of Exp. I. The third group received 
identical instructions to these groups with 
the exception that monetary payoffs were 
not used; hence, IF0¢. All groups had a 
1:1 ratio of males to females. There were 
42 Ss in IFO¢, and 28 Ss each in Groups 
IF1¢ and IF5é. The apparatus and stimuli 
used were identical to those in Exp. I. 
The only procedural differences between 
the two experiments were that in Exp. II 
an average ITI of 20 sec. was used as 
opposed to the 25 sec. in Exp. I. Also, 
only 80 trials were run. 


RESULTS 


In Table 1 are mean percentage, 
mean latency, and mean amplitude of 
CRs for each of these groups over 80 
trials. The most salient feature of this 
table is the lack of any systematic dif- 
ference between groups receiving mone- 
tary payoffs and the group not receiv- 
ing payoffs. Analyses of variance 
revealed no significant differences be- 
tween these groups on any of the three 
measures in Table 3 (all Fs less than 
2.0). This indicates that the presence 
or absence of monetary payoffs was 
ineffective in producing performance 
differences, 


DISCUSSION 


The superior inhibition of CRs by Ss 
run under inhibitory instructions with 
feedback over those run without feedback 
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is a conventional result on the effects of 
informational feedback on performance 
(e.g., Larimer & White, 1964 on judging 
weights; Sipowicz, Ware, & Baker, 1962, 
on vigilance) and counter to the findings 
of Norris and Grant (1948) who used 
electric shock as feedback. One possible 
explanation of this discrepancy is that in 
addition to functioning as feedback, elec- 
tric shock enhanced drive level through 
increasing emotional responses in Ss 
(Spence, 1958). Assuming that increased 
drive level would tend to increase the 
number of CRs, these effects might 
cancel each other. Under passive in- 
structions in the Norris and Grant experi- 
ment, by explaining the relationship of 
feedback to S’s behavior, an inhibitory set 
might have been induced which would 
have suppressed CRs relative to Ss in 
the group where the shock-CR relation- 
ship was not explained. 

In the present experiment, with the 
presence of feedback held constant, in- 
hibitory instructions relative to problem- 
solving instructions were found to de- 
crease CR probability and increase mean 
CR latency. Hence, informational feed- 
back with monetary payoffs under prob- 
lem-solving instructions did not produce 
as great an inhibitory set as under in- 
hibitory instructions. However, relative 
to nonvoluntary instructions, the problem- 
solving procedures reduced response prob- 
ability and increased CR latency. Thus, 
it appears that in the absence of specific 
instructions to inhibit eyelid responses 
during the CS-UCS interval an in- 
hibitory set may be produced by the com- 
bination of payoffs and informational 
feedback. It would be interesting to 


determine whether a facilitatory set could 
be determined in a similar fashion. 
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This experiment was designed to test the assumption that gradients of 
generalization in shape recognition, following paired-associates (PA) 
labeling practice, differed as a function of the meaningfulness of the 
response labels employed during PA practice. Following various 
conditions of PA practice, Ss were given a 30-item recognition test 
which consisted of both the shapes in the PA list and systematic distor- 
tions of these shapes along a dimension of similarity. No differences 
in gradients of false recognitions (selection of the distorted shapes) 


as a function of the meaningfulness of the PA label were obtained ex- 


cept for conditions of 2 PA trials. 


In contrast, observation pretraining 


alone yielded a significantly flatter gradient of false recognitions. In 


addition, the gradients became progressively steeper with increased 


amounts of PA practice. 


Arnoult (1956) has reported that 
paired-associates (PA) practice in la- 
beling random shapes with various 
kinds of responses does not differen- 
tially affect the frequency of correct 
recognitions given in a subsequent 
shape-recognition test. Independent 
groups of Ss received practice in either 
observing the shapes without instruc- 
tions to label them, or practice in la- 
beling the shapes with nonsense sylla- 
bles, girls’ names, meaningful-relevant 
labels, or labels supplied uniquely by 
each S, prior to a shape-recognition 
test. In contrast to the recognition 
findings, Arnoult reported that such 
practice does affect the frequency of 
total rejections of stimuli. In general, 
he found an increase in the frequency 
of rejections associated with an increase 
in the "meaningfulness-relevance" of 
the labeling response employed during 
pretraining. Similar findings have also 
been reported by Kurtz and Hovland 
(1953). 


1 This research was supported by National 
Science Foundation Grant GB-924. "Thanks 
are due to Douglas G. Muller who assisted 
in the preparation of the stimuli. 


In order to account for this diverg- 
ence between recognition and rejec- 
tion, Arnoult made three assumptions 
about the nature of the recognition 
process: (a) the frequency of correct 
recognitions of stimuli is a function 
only of the amount of experience with 
the stimuli; (b) responding to test 
stimuli (variations of the stimuli that 
were employed in the pretraining task) 
as if they were familiar ones is the re- 
sult of stimulus generalization; (c) the 
slope of the generalization gradient as- 
sociated with each stimulus differs as a 
function of the response terms employed 
during pretraining, with steeper slopes 
being associated with pretraining meth- 
ods having the more meaningful re- 
sponse terms. 

The purpose of this experiment was 
to test Arnoult's assumption about 
differential gradients of generalization. 
If this assumption is sound, then pre- 
liminary PA practice in labeling stim- 
uli such as random visual shapes 
should, in a subsequent recognition 
task, lead to gradients of generaliza- 
tion which differ in their steepness as 
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DISCUSSION 


The major finding of this experiment 
was the failure to obtain gradients of 
selection responses in a recognition task 
which differed as a function of the mean- 
ingfulness of the pretraining labels except 
for conditions of two pretraining trials. 
It would appear that the effect of pretrain- 
ing with labels, regardless of their mean- 
ing, is to provide S with a task which 
requires him to scan the shapes and select 
aspects by which they can be differ- 
entiated. If differentiation occurs at the 
same rate for both types of labeling 
practice, then it is reasonable to assume 
that the frequency of selection of varia- 
tions of a shape originally learned will 
not differ with label meaningfulness This 
latter assumption, however, must be re- 
stricted to the conditions of this experi- 
ment, eg. simple (6-point) shapes. It 
is conceivable that the effect of additional 
factors such as shape complexity, number 
of items to be learned, stimulus meaning, 
€g, may interact with label meaning 
so as to complicate relationships (Ellis & 
Muller, 1964; Pfafflin, 1960). 

In contrast to the effects of M and N 
pretraining, O pretraining yielded a sig- 
nificantly flatter gradient of selection 
responses, a finding consistent with 
Arnoult's general assumption. The dis- 
crepancy between observation and label- 
ing conditions is not, however, difficult 
to reconcile. Although Arnoult found a 
trend of increased rejection with increased 
meaningfulness of the pretraining label, 
it was not a pronounced trend. Indeed, 
the bulk of the effect which he described 


was associated with the observation con- 
dition; fewer rejections were made fol- 
lowing observation practice than with any 
of the labeling conditions, regardless of 
the meaningfulness of the label Ac- 
cordingly, a modification of Arnoult's as- 
sumption so as to predict gradients of 
generalization which differ in their steep- 
ness principally as a function of labeling 
vs. nonlabeling would be reasonably con- 
sistent with his findings as well as with 
the results of this experiment. 
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TIME-INTENSITY RECIPROCITY UNDER VARIOUS 


CONDITIONS OF ADAPTATION AND 
BACKWARD MASKING 
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Conditions under which duration-intensity reciprocity holds for acuity 
performance were investigated. Reciprocity fails to hold for the reso- 
lution of a Landolt C at 40 mL. X msec. when it is immediately followed 
or preceded by a 2-sec. flash of 1 mL.: performance then increases with 
exposure duration. Reciprocity holds when the interval between target 
and flash is increased to 1.5 sec. When the target is superimposed on 
the adapting field, reciprocity is found, but the critical duration is con- 
siderably shorter. The results are discussed in terms of recent the- 
orizing which attributes masking by light to effects of brightness 
summation. The existence of an additional interference effect is indi- 
cated. The nature of this interference is discussed, with emphasis on 
the close similarity found between results for forward and backward 


masking by light. 


The Bunsen-Roscoe law of reciproc- 
ity between intensity and duration is the 
basic formulation describing the effects 
of exposure duration on visual per- 
formance: up to a critical duration (te), 
effects of duration and intensity of 
stimulation are strictly interchangeable. 
The reciprocity law has been verified 
for a wide range of psychological and 
physiological measures of the visual 
response, although different values of 
1, are found for the perception of 
brightness and the identification of 
form (Kahneman, 1964; Kahneman & 
Norman, 1964), or for different as- 
pects of the ERG (Biersdorf, 1958). 
However, a striking failure of the 
reciprocity law has recently been re- 
ported by Kaswan and Young (1963) : 


1 Many thanks are due to J. Norman for 
his careful reading of the manuscript and his 
many helpful suggestions, and to A. Koriat, 
D. Max, and D. Pasternak for their dedi- 
cated work in carrying out the experiment. 
A discussion with J. Kaswan and S. Young 
was very helpful in correcting an erroneous 
interpretation of their experiment (Kaswan 
& Young, 1963) in an earlier version of this 
paper. 


these authors found exposure duration 
to be markedly more important than 
stimulus intensity in a task involving 
the differentiation of form. The results 
of this study necessitate a careful 
examination of the conditions under 
which the reciprocity law may be ex- 
pected to hold. 

Kaswan and Young (1963) required 
their Ss to report whether a briefly 
presented row of dots was evenly or 
unevenly spaced, and measured prob- 
ability of success for 64 combinations 
of luminance and duration. For every 
condition of exposure, the target was 
preceded and followed by an adapting 
field of the same luminance. The 
interstimulus intervals (ISI) between 
target and adapting field are not re- 
ported but the general characteristics 
of the equipment used suggest that 
these intervals were quite short. 

The search for reciprocity is com- 
plicated in this design by the fact that 
any two equal-energy conditions which 
differ in duration and luminance also 
differ in level of light adaptation. An- 
other important difference should be 
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noted between the experimental con- 
ditions of the Kaswan and Young 
study and two typical arrangements in 
which the reciprocity law has often 
been confirmed: in studies of bright- 
ness discrimination (e.g., Biersdorf, 
1955; Herrick, 1956), a transient in- 
crement of luminance is superimposed 
on an unchanging level of background 
luminance ; in studies of acuity (Graham 
& Cook, 1937; Kahneman & Norman, 
1964) the presentation of the target 
is preceded and followed by darkness. 
There are reasons to suspect that the 
failure of reciprocity observed by 
Kaswan and Young is due to the pre- 
and postexposure fields rather than to 
the characteristics of their perceptual 
task. 

When a brief exposure of a patterned 
stimulus is immediately preceded or 
followed by light, the conditions are 
appropriate for a study of visual mask- 
ing. Thus, the question may be raised 
Whether time-intensity reciprocity for 
the resolution of form will be found 
under conditions of masking. Sur- 
prisingly, this problem does not appear 
to have been investigated in the past. 

The idea has recently been advanced 
(Eriksen & Hoffman, 1963; Kahne- 
man, 1965; Kinsbourne & Warrington, 
1962a, 1962b) that visual masking 
effects are partly interpretable in terms 
of temporal summation. The idea is 
simply that two stimuli which follow 
one another in rapid succession are 
effectively simultaneous within a single 
"frame" of psychological time, in 
analogy to a double exposure of a 
photographic plate. In the case of 
masking by homogeneous illumination 
of the field, the outcome of such a 
process of summation will be a. reduced 
level of contrast between figure and 
ground (Eriksen & Hoffman, 1963) : 
when the luminances of both the 
"black" and the “white” parts of the 
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target field are increased by a constant 
amount, the ratio of these luminances 
decreases. 

The effects of physical figure-ground 
contrast on acuity performance are well 
known (Luckiesh, 1944; Weymouth, 
1955). In order to account for the 
effects of masking by light, it becomes 
necessary to deal with a concept of 
effective contrast, which may be meas- 
ured either by the apparent contrast 
of the figure or by the level of acuity 
performance. According to a simple 
version of the brightness-summation 
model, the effective contrast of a figure 
corresponds to the ratio of luminous 
flux reaching the eye from the darker 
and brighter areas of the field during 
a period of summation. Under some 
conditions (Kahneman, 1965), the ap- 
parent contrast between a dark figure 
and its background has been shown to 
vary as predicted by this model. Under 
other conditions, an additional inter- 
ference effect is required to account 
for the results obtained. 

The present experiment was de- 
signed to test the idea that time- 
intensity reciprocity will not hold for 
the resolution of a figure which is im- 
mediately followed or preceded by 
homogeneous illumination of the field. 
The following reasoning leads to this 
prediction: The longer the stimulus ex- 
posure, the better are its chances of 
not being completely included within 
the period of brightness summation. 
Under these conditions, time-intensity 
reciprocity will not be found: effective 
contrast, and therefore visual acuity, 
will be positively correlated to stimulus 
duration. 


METHOD 


Apparatus—A schematic diagram of the 
optical setup is presented in Fig. 1. The 
S’s head is immobilized by a biteboard. He 
sees in Maxwellian view a circular illumi- 


nated field subtending 8°. Illumination is 
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provided by two light sources Sı and S; 
whose intensity may be separately controlled 
by neutral density filters at F; and Fs. Addi- 
tional filters may be added in the common 
path at Fs Light from S; illuminates a 
transparent photographic slide of a Landolt 
C at Ti. The target may be presented in 
one of four positions by rotating the slide 
holder. The source Ss provides homogeneous 
illumination over the entire field. When the 
two lights are turned on simultaneously, this 
arrangement can provide any required degree 
of figure-ground contrast of the target by 
appropriate adjustment of the illumination in 
the two paths. For example, when S: and 
Sa provide equal illumination at the eye, 
physical contrast is 5096 (the density of the 
black area of the transparency is well over 
4 log units; the physical contrast on the 
stimulus slide is accordingly taken to be 
100%). 

The light sources are Sylvania R1131C 
glow modulator tubes. Temporal parameters 
are programed and controlled by an Iconix 
FAST system. With the exception of Cond. 
A (see below) all temporal intervals for 
each series of 20 presentations were deliv- 
ered automatically. 

Procedure.—The reciprocity relation for 
the resolution of a Landolt C was studied 
under six different sets of conditions. The 
conditions are described by summarizing the 
sequence of events for a single exposure 
cycle: 

Condition A. No adapting field. A stim- 
ulus is presented about every 3 sec. Fixation 
is maintained by a faint reddish dot (FS) 
which is turned off 300 msec. before expo- 
sure of the target. 

Condition B. Superposition. An adapting 
field is presented at a luminance of 1 mL., 
including a thin black circle of 3° (located 
at Ts) for fixation. After 1 sec. of adapta- 
tion the target is presented by turning on the 
source S, without turning off the adapting 
illumination. The adapting light remains on 


St ALIE L M 
S: FS 
| n FSt 
$ 
$t Deere PEIR CHEST E1810 
Fic. 1. Optical arrangement (not to 
scale). (S, Se: light sources; St, FSt: 


field-stops; L: lenses; F, Fs Fs: filters; 
T Ts: targets on transparencies; M: mir- 
ror; HM: half-silvered mirror; FS: fixa- 
tion source; G: glass; O: observer.) 
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for 1 sec. after exposure of the target. The 
cycle is repeated after a dark interval of 3 
sec. 

Condition C. Interposition (ISI = 1500 
msec.). The same adapting light is on for 
2 sec. The target is presented after a dark 
interval of 1.5 sec, and the adapting light 
is restored after a further dark interval of 
1.5 sec. Fixation as in Cond. A. 

Condition D. Adapting light (ISI=.1 
msec.). The adapting light is on for 2 sec. 
followed by presentation of the target after 
a delay of .1 msec. The cycle is repeated 
after a dark interval of 3 sec. Fixation as 
in Cond. B. 

Condition E. Backward masking (ISI = .1 
msec.). As in Cond. D, except for a reversal 
of the target-light sequence. Fixation as in 
Cond. A. 

Condition F.  Interposition (ISI=.1 
msec.). As in Cond. C, except that the 
adapting light is turned off .1 msec. before 
the target appears, and is restored .1 msec. 
after the target disappears. Fixation as in 
Cond. B. 

Two paid Ss, with more than 1 yr. of 
experience in acuity tasks served in this 
setup. The same energy level was used 
under all experimental conditions, corre- 
sponding to an IX product of 40 mL. 
Xmsec. The $ DM was tested with the 
same target under all conditions, a Landolt 
C with a critical detail subtending 2.42’. 
The same target was also used for S AK, 
except for Cond. C, in which his acuity 
was improved, and a smaller target was used 
subtending 1.16'. 

A single condition was investigated in an 
experimental session, lasting about 90 min. 
The session began with 15 min. of dark 
adaptation. The target was then presented 
20 times at each of 14 durations, ranging 
from 2.5 to 2000 msec, Series of 20 trials 
were separated by 90 sec. of darkness. For 
each duration, the density of the filters at 
F, was varied so that the IX t product of 
the light delivered to the background of the 
figure remained constant. Thus, background 
luminance was 4 mL. for the 10-msec. expo- 
sure and .04 mL. for the 1000-msec. expo- 
sure. The four positions of the Landolt C 
were presented in random sequence within 
each series of 20 trials, with the limitation 
that each position appeared five times. The 
order of durations within a session was also 
randomly determined. There were two ex- 
perimental sessions for each condition, yield- 
ing a total of 40 responses for each S at each 
duration. 
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Fic. 2. Performance in detection of the gap of a Landolt C presented at 40 mL. X msec. 


for different combinations of duration (bottom scale) and luminance (top scale). 


age for two Ss. Conditions as detailed in text.) 
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The dependent variable in this study 
is the percentage of correct identifica- 
tions, corrected for chance success. 
This variable is plotted against ex- 
posure duration in Fig. 2, where each 
point is based on 80 trials, 40 for 
each S. A horizontal line in such a 
plot illustrates the reciprocity relation, 
since energy is the same for all dura- 
tions. The function is of negative 
slope beyond te, when increments of 
duration fail to compensate for the de- 
creasing level of intensity. A rising 
slope indicates a failure of reciprocity, 
such that duration is more effective 
than luminance in determining perform- 
ance. The horizontal lines in Fig. 2a 
were drawn at the mean performance 
for brief durations. Other lines were 
drawn by inspection. 

The most striking feature of the 
results is that the reciprocity relation 
is maintained in Cond. A, B, and C 
(no adapting field, superposition of 
target on adapting field, and inter- 
position with long dark intervals), 
while reciprocity obviously fails in 
Cond. D, E, and F, in which the 
target is immediately preceded, fol- 


(Aver- 


lowed, or both preceded and followed 
by a homogeneous field of 1 mL. The 
conclusion must be that reciprocity 
holds only when the flash which illumi- 
nates the target is added to an unchang- 
ing background. The failure of rec- 
iprocity in Cond. D, E, and F is of the 
type reported by Kaswan and Young 
(1963) : time is more important than 
intensity in determining performance. 
These results indicate that time-in- 
tensity reciprocity for acuity perform- 
ance does not hold under conditions of 
backward and forward visual masking. 


Discussion 


Conditions A, B, and C.—The overall 
results in Cond. A and C are similar, 
indicating little effect of the adapting light 
which is interposed between presenta- 
tions of the target in Cond. C. It may 
be noted that performance is somewhat 
improved under mild light adaptation : 
S AK even required a smaller target for 
this particular condition (see above). 
This enhancement is most noticeable for 
the longer durations. On the other hand, 
performance deteriorates markedly 1n 
Cond. B, where the target is super- 
imposed on the adapting field. The value 
of f, for this condition is also quite 
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noticeably lower than in the other two 
cases. 

The finding of reciprocity in Cond. B 
demonstrates the importance of a distinc- 
tion between effective contrast and phys- 
ical contrast. Since performance is about 
the same for exposures of 2.5 msec. and 
50 msec., it is reasonable to conclude that 
effective contrast is the same in both 
cases. However, the values of physical 
contrast are quite different for these two 
exposures, since the luminance supplied 
from S, through the background of the 
target (see Fig. 1) is 16 mL, for the 
2.5-msec. exposure, but only .8 mL. for 
the 50-msec. exposure. The correspond- 
ing values of physical contrast between 
target and ground are 94% and 44%. 

Tt is assumed in the definition of effec- 
tive contrast that perfect temporal sum- 
mation exists for brightness up to a dura- 
tion T (Kahneman & Norman, 1964; 
Raab, 1962). For brief exposure of the 
target (!« T), effective contrast be- 
tween the figure and its background is 
defined by the ratio of luminous flux 
reaching the eye from these two regions 
during the period of perfect summation : 
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where J and J, are the luminances of 
adapting field and background of target, 
respectively, The numerator of the ex- 
pression represents the energy reaching 
the eye from the black area of the target 
during the period of temporal summation 
T; all this energy is supplied by the 
adapting field. The denominator rep- 
resents the total luminous energy of the 
background, integrated over the same 
period. It can be seen that this formula 
predicts reciprocity for all brief equal- 
energy exposures for which t € T. For 
the exposure duration t=T, effective 
contrast is equal to physical contrast. 
To the extent that acuity depends on fig- 
ure-ground contrast, reciprocity should 
also hold for acuity performance in this 
range of durations. 

The difference between the values of 
1, observed in Cond. A and B can be 
explained by noting what happens to 
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effective contrast with longer durations 
of exposure, ¿> T. In Cond. A effective 
contrast is 10095 for all durations of 
exposure; f, is about 300 msec., a typical 
value for acuity performance at the en- 
ergy used in the present experiment. 
In Cond, B, effective contrast for rela- 
tively long durations (t > T) is given by: 
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Since J, is inversely related to exposure 
duration / in the present experimental 
arrangement, effective contrast in Cond. 
B will decrease monotonically with in- 
creasing duration of exposure, beyond 
the period of brightness summation. The 
value of t, is about 50 msec. in this con- 
dition, a characteristic value for bright- 
ness summation at this level of adapting 
luminance (Herrick, 1956; Kahneman, 
1965). 

Previous studies have demonstrated the 
existence of at least two distinct processes 
of temporal summation: (a) a “bright- 
ness process,” for which fe is about 100 
msec, at low luminances, and where te 
decreases montonically with increasing 
energy of the stimulus (McDougall, 
1904; Raab, 1962) and with increasing 
luminance of the adapting field (Diers- 
dorf, 1955; Herrick, 1956; Keller, 1941) ; 
(b) a "contour process," where higher 
values of f, are typically found, which 
vary in a complex manner as à function 
of the luminous energy of the brighter 
part of the field (the background in 
black-on-white presentation or the target 
in the white-on-black case) (Kahneman, 
1964, in press; Kahneman & Norman, 
1964). It is of some methodological 
importance that an experimental arrange- 
ment such as that of Cond. B leads to a 
brightnesslike function for an acuity task. 

It may be noted that the characteristics 
of reciprocity for the b-wave of the ERG 
are closely related to those of the bright- 
ness process (Johnson, 1958; Johnson & 
Bartlett, 1956), while results for per- 
ception of movement (Brown, 1957) are 
at least superficially similar to the find- 
ings for acuity. This suggests that the 
distinction between the two processes may 


feu 


548 DANIEL KAHNEMAN 


be related to the hierarchy of analytical 
operations on visual inputs recently re- 
ported in physiological investigations 
(Hubel, 1963; Hubel & Wiesel, 1962). 
The possibility must certainly be con- 
sidered that temporal summation, at least 
for the perception of form, should be ex- 
plained in terms of central mechanisms. 

Conditions D, E, and F.—The most 
striking result in this group of conditions 
is the departure from reciprocity. Over 
a range of equal-energy presentations, 
acuity performance rises steeply with 
duration, up to 100-200 msec. in Cond. 
D and E, with a further rise up to 1000 
msec. in Cond. F. The probability of 
detecting the critical detail appears to rise 
linearly with the logarithm of exposure 
duration. The slope of the function for 
Cond. F (where the target is both pre- 
ceded and followed by light) is a little 
less than double the slope for Cond. 
D and E. 

The failure of reciprocity under con- 
ditions of forward and backward masking 
was predicted in a general manner 
Írom considerations of brightness sum- 
mation. However, the results show a 
much greater departure from reciprocity 
than such considerations would suggest. 
The effects of brightness summation in 
reducing figure-ground contrast should be 
no greater when target and masking light 
are presented in succession than when 
they are presented simultaneously. The 
case of simultaneous presentation is rep- 
resented by Cond. B in this experiment. 
It should therefore be predicted that 
performance at brief durations under 
conditions of masking (D, E, and F) 
should approach as a lower bound the 
level of performance in Cond. B. In 
fact, performance at the shortest dura- 
tions in Cond. D, E, and F is considerably 
poorer than in Cond. B. Thus, the effects 
of masking by light cannot be entirely 
explained in terms of brightness summa- 
tion: An interference effect is also present. 

The symmetry of forward and back- 
ward effects is the most important char- 
acteristic of this interference: there is 
almost no difference between the results 
for Cond. D and E. This symmetry 


certainly rules out photochemical factors 
as being of great importance in the 
present experimental situation: such ef- 
fects apply only to Cond. D. Neural 
effects are therefore involved, but the 
precise nature of these effects is yet 
unclear. Several recent studies have at- 
tempted to isolate the masking effect of 
the neural response to an intense flash 
of light on the detection of a threshold 
flash (eg. Baker, 1963; Battersby & 
Wagman, 1959; Boynton, 1958). How- 
ever, all these studies agree that the 
neural "off" response has little or no effect 
in masking a flash presented immediately 
after the offset of the adapting stimulus. 
The discrepancy between these results 
and the findings presented here indicates 
that different mechanisms must be in- 
volved in the masking of light flashes and 
in the masking of patterned stimuli. The 
results of another experiment (Kahne- 
man, 1965) have suggested that masking 
light may retard or prevent the formation 
of contours, with a reduction of effective 
figure-ground contrast (in excess of the 
reduction due to brightness summation) 
as a secondary phenomenon. 

At present, we can do little more than 
classify instances of visual masking ac- 
cording to the degree of symmetry be- 
tween forward and backward effects. 
Symmetry holds for the masking of an 
acuity target by either light (Eriksen 
& Hoffman, 1963) or by an exposure 
of "visual noise" (Kinsbourne & War- 
rington, 1962b). Symmetry fails to hold 
for the detection of threshold flashes 
(Baker, 1963). The metacontrast phe- 
nomenon (Alpern, 1953) and several 
cases of masking by patterned stimuli 
(e.g., Werner's disk-ring sequence) also 
show no symmetry of forward and back- 
ward effects (Kolers & Rosner, 1960; 
Werner, 1935). 

A fuller account of the effects of light 
on the detection of visual detail must ac- 
count for a puzzling finding of the present 
study: acuity performance is actually 
enhanced when the exposure of the target 
is preceded or followed by light, provided 
that the exposure is sufficiently long. It 
may be seen in Fig. 2 that performance 
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under masking (Cond. D, E, and F) is 
actually superior to performance in the 
absence of additional illumination, for 
durations in excess of 400 msec. This 
facilitating effect, like the summation and 
interference effects discussed earlier, is 
of the same magnitude regardless of 
whether the light precedes the target or 
follows it. 


REFERENCES 


ALPERN, M. Metacontrast. J. Opt. Soc. 
Amer., 1953, 43, 648-657. 

Baxer, H. D. Initial stages of dark and 
light adaptation. J. Opt. Soc. Amer., 1963, 
53, 98-103. 

BarrERsBy, W. S., & WAGMAN, I. H. Neural 
limitations of visual excitability: L The 
time course of monocular light adaptation. 
J. Opt. Soc. Amer., 1959, 49, 752-759. 

Brersporr, W. R. Critical duration in visual 
brightness discrimination for retinal areas 
of various sizes. J. Opt. Soc. Amer., 1955, 
45, 920-925. 

Brersporr, W. R. Luminance-duration rela- 
tionships in the light-adapted electroretino- 
gram. J. Opt. Soc. Amer., 1958, 48, 
412-417. 

Boynton, R. M. On-responses in the human 
visual system as inferred from psycho- 
physical studies of rapid-adaptation. AMA 
Arch. Ophthal., 1958, 60, 800-810. 

Brown, R. H. The effect of extent on the 
intensity-time relation for the visual dis- 
crimination of movement. J. comp. physiol. 
Psychol., 1957, 50, 109-114. 

Errxsen, C. W., & Horrman, M. Form 
recognition at brief durations as a function 
of adapting field and interval between 
stimulations. J. exp. Psychol., 1963, 66, 
485-499. 

Granam, C. H., & Coox, C. Visual acuity 
as a function of intensity and exposure- 
time. Amer. J. Psychol., 1937, 49, 654-661. 

Herrick, R. M. Foveal luminance discrimi- 
nation as a function of the duration of the 
decrement or increment in luminance. J. 
comp. physiol. Psychol., 1956, 49, 437-443. 

Hupser, D. H. Integrative processes in cen- 
tral visual pathways of the cat. J. Opt. 
Soc. Amer., 1963, 53, 58-65. 

Hure, D. H., & Wiese, T. N. Receptive 
fields, binocular interaction and functional 
architecture in the cat's visual cortex. 
J. Physiol., 1962, 160, 106-154. 

Jounson, E. P. The character of the B-wave 


549 


in the human ERG. AMA Arch. Ophthal., 
1958, 60, 565-591. 

Jounson, E. P., & Bantiert, N. R. Effect 
of stimulus duration on electrical responses 
of the human retina. J. Opt. Soc. Amer., 
1956, 46, 167-170. 

KanwEMaAN, D. Temporal summation in an 
acuity task at different energy levels—A 
study of the determinants of summation, 
Vis. Res., 1964, 4, 557-566. 

Kauneman, D. Exposure duration and ef- 
fective figure-ground contrast. Quart. 2B 
exp. Psychol., 1965, 17, 308-314. 

KAHNEMAN, D. Time-intensity reciprocity 
in acuity as a function of luminance and 
figure-ground contrast. Vis. Res., in press. 

KAHNEMAN, D., & Norman, J. The time- 
intensity relation in visual perception as a 
function of observer’s task, J. exp. Psy- 
chol., 1964, 68, 215-220. 

Kaswan, J., & Youwo, S. Stimulus expo- 
sure time, brightness, and spatial factors 
as determinants of visual perception. J. 
exp. Psychol., 1963, 65, 113-123. 

Keren, M. The relation between critical 
duration and intensity in brightness dis- 
crimination, J. exp. Psychol, 1941, 28, 
407-418. 

KiNsmounNE M, & Warrincton, E. K. 
The effect of an aftercoming random pat- 
tern on the perception of brief visual stim- 
uli, Quart. J. exp. Psychol, 1962, 14, 
223-234. (a) 

Kinspourne, M. & WammiNwGroN, E. K. 
Further studies on the masking of brief 


visual stimuli by a random pattern. 
Quart. J. exp. Psychol, 1962, 14, 235- 
245. (b) 


Korrns, P. A. & Rosner, B. S. On visual 
masking (metacontrast) : Dichoptic obser- 
vation. Amer. J. Psychol., 1960, 73, 2-21. 

Lucxiesm, M. Light, vision, and seeing. 
New York: Van Nostrand, 1944. 

McDovcALL, W. The variation of the inten- 
sity of visual sensation with the duration 
of the stimulus. Brit. J. Psychol., 1904, 
1, 151-189. " 

D. Magnitude estimation of bright- 
ness of brief foveal stimuli, Science, 1962, 
135, 42-43. 

Werner, H. Studies on contour: I. Quali- 
tative analyses. Amer. J. Psychol, 1935, . 
47, 40-64. 

Weymour, F. W. Visual acuity—An 
analysis of the stimulus situation. Amer. 
J. Optom., 1955, 32, 507-519. - 


(Received November 18, 1964) 


Journal oj Experimental Psychology 
1966, Vol. 71, No. 4, 550-558 


DETERMINANTS OF THE EFFECTS OF 
VICARIOUS REINFORCEMENT 


ALBERT R. MARSTON? 


University of Wisconsin 


3 experiments investigated the process of observation learning, 
examining particularly the phenomenon of vicarious reinforcement 
(VR). The S's task was a modification of the Greenspoon verbal 
conditioning procedure in which, during acquisition, S emitted words 
alternately with a tape-recorded voice. A social reinforcement (Good) 
following a tape-recorded response constituted the operational defini- 
tion of VR. Experiment I yielded the finding that instructions to 
discover the reinforced class of words increased rate of emitting 
critical words over that of a group receiving minimal instructions or 
instructions to associate to the tape-recorded words. Over all instruc- 
tion groups, however, those receiving VR learned faster than those 
without VR. In Experiment II, it was found that in extinction follow- 
ing acquisition with VR, instructions to continue emitting critical-class 
words were effective in retarding extinction, and that direct reinforce- 
ment to the observing S also led to higher critical response rate. 
While reinforcement combinations did not affect acquisition with VR 
(Experiment III), in extinction Good-Bad led to greater resistance 
than Good-Nothing and Bad-Nothing which did not differ significantly 


from each other. 


A number of recent studies (Kanfer 

& Marston, 1963; Marston, 1964; 
Marston & Kanfer, 1963) have investi- 
gated vicarious reinforcement (obser- 
vation of reward to an observed model) 
in a modification of Greenspoon’s 
(1950) verbal conditioning procedure 
in which a class of responses is selec- 
tively reinforced in an S who emits 
disconnected words. The S responds 
alternately with a tape-recorded voice 
whose rate of emission of critical-class 
words is manipulated. Significant in- 
crease in critical-class words was found 
in groups receiving vicarious reinforce- 
ment (VR), with no greater learning 
for observing Ss also receiving direct 
. reinforcement (DR) for their own cor- 
rect responses. A group receiving 
neither VR nor DR, but hearing the 
model give an increasing frequency of 


1The author wishes to acknowledge the 
assistance of Frederick Smith in conducting 
and analyzing these experiments. 


critical-class responses, showed border- 
line learning in terms of linear trend. 
Subsequent studies gave both positive 
and negative evidence of the role of VR 
in observational learning. The present 
author (Marston, 1964) attempted to 
demonstrate the effect of additional VR 
after rate of critical responses in O had 
increased during a period of acquisition 
trials with VR. During this post- 
acquisition period, rate of correct re- 
sponding recorded on the observed 
tapes, rather than reinforcement to the 
model (VR), determined subsequent 
rate in O. Another study (Marston 
& Kanfer, 1963) found greater strength 
of the critical response class in Ss ob- 
serving tapes with a higher percentage 
of these responses given by the model. 
The variables manipulated in these 
experiments were, in part, chosen 
with the aim of delineating the process 
involved in observation learning. By 
examining the role of VR, an effort 
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has been made to establish that a rein- 
forcement process was operating and 
that imitation without VR could not 
account for the entire effect of the 
model. The present series of studies 
continued along these lines and, in 
addition, investigated the role that 
cognitive responses, particularly in- 
structional sets, play in facilitating the 
model’s effect on O, both during and 
following the observation. Using the 
learning framework employed in de- 
scribing effects of direct reinforcement, 
the term acquisition will be used to de- 
scribe trials during observation when 
O responds alternately with the model 
and the model’s rate of critical response 
increases. Extinction refers to trials 
occurring after O’s response rate has 
been increased via the acquisition 
procedure. 


EXPERIMENT I? 


Experiment I examined the hypothe- 
sis that learning via observation in- 
volves both VR and cognitive variables. 
It was hypothesized that, like many 
other similar experimental procedures, 
the observation-learning paradigm pre- 
sents S with a relatively ambiguous 
task likely to elicit self-instructions 
concerning the purpose of the experi- 
ment (Dulaney, 1961; Kanfer & Mar- 
ston, 1961). The design utilized the 
technique of systematically reducing 
task ambiguity by varying the amount 
of information contained in the instruc- 
tions. Amount of information was 
defined a priori by determining the 
level of performance possible should S 
operate under the set intended by the 
instructions. The two levels of infor- 
mation employed, each with a separate 
experimental group, were: (a) instruc- 
tions to the effect that S was to give 


2 Experiment I was described in a paper 
presented at the Midwestern Psychological 
Association meeting, St. Louis, May 1964. 


word associations to the model's re- 
sponses, and (b) instructions to dis- 
cover and use the most frequent class 
of words used by the model The 
word-association set, if followed, could 
lead to a maximum rate of critical-class 
responses by O limited to a great ex- 
tent by the rate of the model; whereas, 
an S who "solves the problem" could 
presumably then respond with 10076 
critical-class members. A third group 
acted as a control and received only 
the basic observation instructions used 
in earlier studies. 

The second variable in the factorial 
design was presence vs. absence of 
VR. For half of each of the instruc- 
tion groups, the tape-recorded model 
received a tape-recorded social rein- 
forcement (the word “Good”) follow- 
ing all critical-class members ; the other 
half of each group received no VR. 
It was hypothesized that VR would re- 
sult in higher rate of responding by O, 
regardless of the instructions given 
him. In the first VR experiment by 
the present author (Kanfer & Marston, 
1963), the group receiving no VR but 
observing a high rate of critical-class 
words given by the model showed only 
a borderline increase in critical re- 
sponses. An additional purpose of the 
present experiment was to replicate 
this finding in the examination of the 
no VR-control condition. 


METHOD 


Subjects—Ninety male undergraduates 
volunteered for the experiment in return for 
extra points toward their grade in intro- 
ductory psychology at the University of 
Wisconsin. 

Apparatus—The S sat at a table in a 
room by himself, with a microphone and 
small signal light placed in front of him. 
After initial instructions were read, E re- 
mained in an adjacent room and communi- 
cated with S only via an intercom. Both 
S and E wore earphones. A Wollensak 
T-1500 tape recorder served both to play 
recorded material to S and as an amplifier 


554 


identify weapons as the class occurring 
most frequently in the tape-recorded 
person’s repertoire. 


DISCUSSION 


The results confirm that instructional 
set strongly influences the effect of ob- 
servation and vicarious reinforcement, 
The group told to discover the correct 
class was the only one whose final mean 
level of critical-class responses in acqui- 
sition approached the mean proportion on 
the tape (approximately 70% vs. 80% 
on the tape). While the word-associa- 
tion set did not result in a significantly 
greater acquisition than the control in- 
structions, all groups, including no VR- 
control, showed learning trends signifi- 
cantly greater than zero. Acquisition in 
the no VR-control group via observation 
alone clarifies the earlier finding of bor- 
derline learning in a similar group (Kan- 
fer & Marston, 1963). 

The facts that the word-association 
group did not perform at a significantly 
higher level than the control group and 
that VR played a significant role for all 
groups seem to support the contention 
that the observational situation can in- 
volve learning as it is usually conceived 
in a direct reinforcement framework. It 
should be noted that practically all Ss in 
the present experiment were “aware” and 
that the role of reinforcement here does 
not seem to involve the awareness prob- 
lem raised in the verbal conditioning tasks 
upon which the VR procedure is based. 
That a set created by instructions influ- 
enced amount of learning, particularly in 
terms of resistance to extinction, empha- 
sizes the importance of cognitive re- 
sponses in determining reinforcement 
function in human learning. These find- 
ings appear to fit best a model of obser- 
vational verbal learning in which both 
instruction-mediated imitation and vicari- 
ous reinforcement play roles in determin- 
ing the model's effect on O. 


EXPERIMENT II 


In an earlier VR study (Kanfer & 
Marston, 1963), the effect of direct 
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reinforcement (DR) in the observation 
procedure was found to be negligible. 
That is, it made no difference whether 
or not the observing S was himself re- 
inforced directly by E for critical-class 
responses while S was responding al- 
ternately with the tape-recorded voice. 
The effect of DR during acquisition 
was not significant during acquisition 
or during subsequent extinction trials, 
This finding was replicated in a subse- 
quent study (Marston & Kanfer, 1963) 
which varied percentage of VR and 
found that the ineffectiveness of DR 
was not related to the ratio of DR to 
VR. A more recent experiment 
(Marston, 1964) examined variables 
affecting extinction following acquisi- 
tion with VR and found that continued 
Observation of a high rate of critical 
responses by a model maintained O's 
rate but that continued VR of the 
model had no significant effect on ex- 
tinction, Thus, VR during acquisition 
is effective on acquisition and extinc- 
tion, while VR during extinction is 
ineffective. — Direct reinforcement is 
ineffective during acquisition with VR. 
The second experiment in the present 
series examined the remaining segment 
of this pattern, the effect of DR in 
extinction following acquisition with 
VR. 

A second variable in the 2 x 3 x 2 
factorial design concerned the effect of 
an instructional set designed to main- 
tain the effects of VR during extinc- 
tion. One third of the Ss were told 
just prior to extinction that they would 
no longer be hearing the tape-recorded 
voice but that they were to continue re- 
sponding as before and to give words of 
the type followed by the word “Good” 
on the tape recording (set group). A 
second third of the Ss served as a 
control for instructions and were told 
that they would no longer hear the tape 
but were not told to give words of the 
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type previously followed by VR (in- 
struction control group). The re- 
maining third received extinction with- 
out any intervening instruction (no- 
instruction group). 

The final variable in the design did 
not concern VR directly, but was 
a methodological factor considered 
worthy of attention. The Ss were col- 
lege students and the timing of the 
experiment was such that part of them 
participated early in the university 
semester and part late. Since Ss 
were assigned in sequence to the cells 
of the other two factors in the design 
to keep a continuous balance in cell 
size, it was possible to examine the 
effects of time in the semester as a 
replication factor in the balanced design. 


METHOD 


Subjects —Sixty-six male volunteers from 
the introductory psychology course served in 
the experiment. There was a total of 11 in 
each of the six groups varying in instruc- 
tions and DR, with 5 in the first replication 
and 6 in the second. Replications I and II 
were defined as Ss run in the first and 
second months of the study (November 13- 
December 12 and December 13-January 14). 

Procedure —Except for the instruction and 
reinforcement variables in extinction, the 
apparatus and mechanics of procedure were 
the same as in Exp. I. In acquisition, all 
Ss in Exp. II received the instructions and 
procedures of the control-VR group in Exp. 
I. For those receiving DR in extinction, 
E said "Good" in a flat tone over the inter- 
com following any emission by S of a word 
in the class weapons. The instruction 
variation was described in the introduction. 
In response to the questionnaire at the end 
of extinction, four Ss, each in different ex- 
perimental groups, failed to verbalize the 
critical-word class. 


RESULTS 


Except for the replication, none of 
the variables entered the procedure un- 
til extinction. Analyses on the operant 
block of trials and acquisition yielded 
no significant group differences. A 
significant Instruction X Replication X 


TABLE 2 


ANALYSIS OF VARIANCE ON Arc SINE PRO- 
PORTION WEAPON RESPONSES DURING 
EXTINCTION IN Exe. II 


Source MS df F 
Instructions (I) 63.33 2 43.38** 
DR (D) 6.20 1 4.25* 
Replications (D) 6.52 1 4.47* 
IXD 2.69 2 1.84 
IXR 12.49 2 8.56** 
DXR 0.01 1 | «1.00 
IXDXR 0.11 2 | «1.00 
Error Between 1.46 54 
Trial Blocks (B) 1.48 4 | 10.57** 
IXB 0.45 8 S218" 
DXB 0.04 4 | <1,00 
RXB 0.18 4 1.29 
IXDXB 0.05 8 | «100 
IXRXB 0.28 8 2.00* 
DXRXB 0.24 4 1.71 
IXDXRXB 0.06 8 | «100 
Error Within 0.14 216 

» .05. 
=p $o 


Trials interation, F(4, 216) = 2.64, 
p <.05, did not appear to be due to 
any readily apparent pattern of group 
differences on trend over trials in 
acquisition. 

Table 2 summarizes the analysis of 
variance on arc sine proportion of 
critical class responses per block of 10 
trials during extinction. 

The ¢ tests comparing the overall 
means for the three levels of instruc- 
tions indicated that the instructions 
main effect was due to a significant 
difference between the set group and 
each of the other two conditions (t 
= 8.62, p < .001 for no instructions vs. 
set and £ = 5.18, p < .001 for instruc- 
tion control vs. set). The no-instruc- 
tion and instruction control groups did 
not differ significantly from each other 
(t= 1.65, p >.10). The three group 
means converted back to mean fre- 
quency critical words per block of 10 
trials were 0.1 for no instructions, 0.5 
for instruction control, and 5.3 for the 
set group. The significant Instruction 
x Blocks effect, F(8, 54) = 3.21, 
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p < 01, was analyzed in terms of block 
effects at each level of instructions. 
The set group showed a significant 
negative block trend, F(4, 54) — 12.64, 
p <.01. The other two instruction 
groups showed no significant changes 
over blocks. 

The groups which received DR dur- 
ing extinction gave a significantly 
higher proportion of  critical-class 
words (mean per block — 1.9/10) than 
the groups not receiving DR (mean per 
block = 1.0/10) ; F(1, 54) = 425, p 
< .05. 

The Ss serving in the experiment 
earlier in the semester showed greater 
resistance to extinction than those serv- 
ing later; F(1, 54) = 4.46, p < .05. 
The mean frequency of critical-class re- 
sponses per blocks of 10 trials for the 
first replication group was 2.0; for the 
second replication, 1.0. There was a 
significant interaction, F (2, 54) — 8.56, 
p < .01, between Instructions and Rep- 
lications. Although the effect of in- 
structions was reduced in the second 
replication, F(2, 54) = 8.42 vs. F(2, 
54) = 43.51, both Fs were significant 
at the .01 level and both replications 
showed the same pattern of means 
found in the overall main effect for 
instructions. 

In an additional analysis comparing 
critical word frequency on final block 
acquisition and first block extinction, a 
significant interaction of Instruction 
X Blocks, F(2, 54) = 43.19, p < .01, 
revealed that the no instruction and in- 
struction control groups both showed a 
decrease; Fs (1, 54) — 7.13 and 7.25, 
respectively, p < .01; while the set in- 
struction group evidenced an increase 
from acquisition to start of extinction, 
F(1, 54) = 6684, p <.01. 


Discussion 


The findings of the present study com- 
plete the pattern of effects of VR and DR 
during acquisition via observation and 


during subsequent extinction. Earlier ex- 
periments found VR to be effective in 
acquisition but not extinction; DR to be 
ineffective in acquisition when VR was 
present. The present results indicate that 
DR is effective in extinction when VR is 
no longer present. The experiment on 
VR in extinction (Marston, 1964) specu- 
lated that the ineffectiveness of VR re- 
lates to the amount of information it pro- 
vides in reducing the ambiguity of the 
task for $. Additional VR after acquisi- 
tion apparently is not relevant for the S 
who has reached a relatively high rate of 
responding and is continuing to hear a 
tape. However, when the tape is en- 
tirely removed, DR, which is information 
from E, provides the completely unam- 
biguous feedback that responding with 
critical-class members is still a relevant 
part of S’s role in the experiment. 

As in Exp. I, the reinforcement and 
instructional variables did not interact. 
Further, in terms of discrepancies in 
means, the instruction variable is much 
the more powerful in maintaining re- 
sponding in extinction. The finding that 
the set instructions actually increase the 
rate of critical words at the beginning of 
extinction seems relevant for extinction 
processes in human learning procedures 
generally. Dulaney (1961) and Farber 
(1963) have emphasized the importance 
of self-instructions in understanding hu- 
man learning phenomena. The present 
author has suggested earlier that the ef- 
fects of VR may involve self-reinforce- 
ment phenomena (Kanfer & Marston, 
1963). 

The effects of the replication variable 
point up systematic stratification within 
the population of college students in in- 
troductory courses. Reduction of resist- 
ance to extinction and weaker effects of 
an independent variable in Ss volunteer- 
ing later in the semester suggest such in- 
terpretations as lower motivation, lower 
intelligence, or less social conformity. 


ExpertMEnT III 


The final experiment in this series 
examined the influence of reinforce- 
ment combinations upon the effective- 
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ness of VR in raising the rate of 
responding during acquisition via ob- 
servation and during subsequent ex- 
tinction. Having established in earlier 
experiments the reinforcing effect of 
VR in the form of the social reinforce- 
ment “Good,” the present experiment 
attempted to tie VR with direct rein- 
forcement phenomena by demonstrat- 
ing analogous effects of manipulating 
characteristics of the reinforcing 
stimuli. 

Reinforcement combinations in hu- 
man learning have been extensively 
studied (e.g, Buchwald, 1962). It 
has been found that the Right-Wrong 
combination of reinforcers leads to the 
most rapid learning and Right-Nothing 
to the slowest learning, with Wrong- 
Nothing closer to Right-Wrong than 
Right-Nothing in effectiveness. The 
present procedure examined the effects 
on observation training of three rein- 
forcement combinations given vicari- 
ously by administration to a tape-re- 
corded model. 


METHOD 


Subjects.—T wenty-one male undergradu- 
ates served in the experiment, and earned 
extra credit toward their grades in intro- 
ductory psychology at the University of 
Wisconsin. 

Procedure.—The apparatus and procedure, 
including instructions, were the same as those 
used in the control-VR group of Exp. I. 
The three experimental groups differed only 
in reinforcement combinations received by 
the tape-recorded voice (Good after critical- 
class words-Nothing after noncritical-class 
members, Bad after nonclass members- 
Nothing after class members, and Good after 
class members-Bad after nonclass members). 
All Ss received five blocks of 10 trials each 
of observation of the model (S responding 
alternatively with model) and five blocks of 
extinction trials with no VR or DR, fol- 
lowed by the standard questionnaire used in 
the previous experiments. One S, in the 
Bad-Nothing group, was the only one unable 
to identify the critical class (Weapons) dur- 
ing the postexperiment questionnaire. 
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RESULTS 


The three reinforcement-combination 
groups did not differ significantly in 
mean proportion of critical-class re- 
sponses (converted to arc sines) dur- 
ing acquisition; F(2, 18) < 1.00; nor 
did they differ in change over blocks ; 
F(8,72) < 1.00. All groups increased 
significantly over blocks; F(4, 72) 
= 19.13, p < .01. 

Since treatment did not affect acqui- 
sition it was possible to increase the 
sensitivity of the extinction analysis by 
covarying for individual differences in 
level of acquisition, The covariance 
analysis on arc sine proportion critical- 
class responses yielded a significant 
overall treatment effect; adjusted F (2, 
17) =5.00, p<.05. The adjusted 
group means (reconyerted to propor- 
tion critical class words per block of 10 
trials) were .4/10 for Good-Nothing, 
1.1/10 for Bad-Nothing, and 2.6/10 for 
Good-Bad. Using ¢ tests to compare 
the three pairs of adjusted means, it 
was found that the Good-Nothing and 
Bad-Nothing conditions did not differ 
significantly; £— 1.18, p> .05; and 
that the Good-Nothing group gave sig- 
nificantly fewer critical class words 
during extinction than the Good-Bad 
group; t = 3.15, p< 005. The Bad- 
Nothing and Good-Bad groups com- 
parison yielded a t= 1.91, p< .10 
(two-tailed). 


Discussion 


The results on effect of reinforcement 
combinations in VR are similar to those 
obtained in DR research in that Good- 
Bad was superior to either of the other 
two combinations. However, the other 
common finding of Bad-Nothing being 
superior to Good-Nothing was not ob- 
tained in the present VR procedure. The 
absence of this effect of Bad may be at- 
tributable to the small sizes of the groups, 
or it may be due to the number of alter- 
nate responses available to S in the task 
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(Buchwald, 1962, discusses this prob- 
lem). With essentially unlimited alter- 
natives, a disconfirming feedback pro- 
vides relatively little information. 

One can interpret the delayed effect of 
reinforcement combinations in terms of 
resistance to extinction related to differ- 
ences in habit strength not evident in 
response probability during acquisition. 
However, in terms of understanding the 
process of VR, one might speculate that 
VR affects patterns of covert self-evalua- 
tions or self-reinforcements that vary in 
habit strength acquired and that may be 
investigated in some overt form, inde- 
pendently of the learned word class. 

In addition to providing data on several 
determinants of the observation learning 
procedure, the three reported experiments 
confirmed the importance of VR in such 
a paradigm. By relating VR and DR it 
appears possible to shed light on the na- 
ture of both phenomena, broadening the 
conception of reinforcement in human 
learning and yet keeping the process of 
Observation learning within this broad- 
ened reinforcement framework. 
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EFFECTS OF DELAY OF KNOWLEDGE OF RESULTS AND 


SUBJECT RESPONSE BIAS ON EXTINCTION 
OF A SIMPLE MOTOR SKILL 


JAMES A. DYAL: 


. Texas Christian University 


Following 10 no knowledge of results (KR) trials Ss were trained 
for 40 trials in a line-drawing task under conditions of immediate, 
delayed, or no KR. These training trials were followed by 40 trials 
with no KR (extinction). Analysis of the type of error made during 
extinction (overshooting or undershooting the correct 3-in. line) 
revealed that the type of response depended on the training conditions 
(immediate vs. delayed) and original response bias of S. Delayed-KR 
resulted in an increased frequency of errors of the same type as the 
original response bias. Immediate KR resulted in a tendency to make 


errors in the direction opposite the original response bias. 


The inter- 


action between delay of KR and S's response bias argues for the 
analysis of S's response bias in future experiments. F 


Two previous experiments in this 
series (Dyal, 1964; Dyal, Wilson, & 
Berry, 1965) have supported the find- 
ings of Greenspoon and Foreman 
(1956) that the operation of delaying 
knowledge of results (KR) tends to 
interfere with the acquisition of a line- 
drawing skill? ^ Furthermore, in the 
Dyal, Wilson, and Berry experiment it 
was observed that within that group of 
Ss whose original response bias was to 
undershoot the target (short respond- 


i'The data for this experiment were col- 
lected by Gene Arrington. 
2The term delay of KR used in the title 
and throughout the text of this paper should 
be understood to refer to an S-R; E/C 
type of operational definition (Underwood, 
1957, p. 68) in which the phenomenon is 
defined by the control group receiving KR 
immediately after the execution of the re- 
sponse and the experimental group receiving 
KR following some more extended interval, 
with the intertrial interval held constant. 
It is recognized that such a design does not 
permit the separation of the effects of pre- 
ys. post-KR delays and thus does not define 
a unique phenomenon. It is, however, con- 
sistent with the historical usage of the 
term, The recent exchange between Bilodeau 
and the writer could perhaps have been 
. avoided by recognition of this point (Bilo- 
deau, 1965; Dyal, 1965). 


ers), those Ss which were trained un- 
der delayed KR tended to make many 
more short responses during extinction 
than the immediate-KR group. On the 
other hand, the immediate group tended 
to make more long responses than the 
delayed group. The purpose of the 
present experiment was twofold: (a) 
to determine if this suggestive differ- 
ential effect was reliable; and (b) to 
determine if a similar effect held for 
long responders. 


METHOD 


Subjects —The Ss were 60 undergraduate 
volunteers enrolled in courses in psychology 
at Texas Christian University. 

Apparatus—The apparatus was modeled 
after that of Greenspoon and Foreman and 
was identical to that used in the Dyal, 
Wilson, and Berry experiment. Its essen- 
tial features were a 2 X 2 ft. piece of Plexi- 
glas mounted 4 in. off the surface of a table. 
The S drew his lines in a 12 X & in. slot in 
the center of the Plexiglas on another 
Plexiglas surface. A "correct" zone was 
marked off À in. on either side of a point 
3 in. from the left end of the slot. The writ- 
ing instrument was an empty ball-point Lindy 
pen provided with a tape grip similar to 
that used by Bilodeau and Ryan (1960). 

Procedure.—Aíter being seated in front 
of the apparatus S was read the same in- 
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Fic. 1. Mean number of short responses 
made by short responders. 


structions as used in the Dyal, Wilson, and 
Berry experiment. 

The two experimental conditions were im- 
mediate KR in which S was given KR 
within 1 sec. after completion of his re- 
sponse, and delayed KR in which S was 
given KR 20 sec. after completing his 
response. Twenty-five seconds after the 
response S's hand was returned to the start- 
ing point, and 5 sec. later he was given the 
signal "Draw." The procedure was the 
same for the control group except no KR 
was given. KR consisted in E's saying 
“long,” “short,” or "correct" Each S drew 
90 lines. The first 10 trials no KR was 
given to any S. Trials 11-50 constituted 
the acquisition period and Trials 51-90 were 
the extinction period during which KR was 
omitted for the experimental Ss. 


RESULTS 


Since the major purpose of the ex- 
periment concerned S response bias, Ss 
in each treatment group were cate- 
gorized as initial short responders or 
long responders on the basis of the 
majority of their responses during 
Trials 1-10. All but 1 of the 60 Ss 
were easily classifiable. The mean 
number of short responses made in 
Trials 1-10 by the 39 Ss which were 
categorized as short responders was 
9.04. "The comparable value of long 
responses of the 20 long responders was 
8.31. The numbers of short respond- 
ers in the immediate-, delayed-, and 
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no-KR treatments were 13, 15, and 11, 
respectively; the long responders were 
distributed 7, 5, and 8. 


Short Responders 


Short responses.—The mean number 
of short responses made under the 
three treatment conditions are pre- 
sented over blocks of 5 trials in Fig. 1. 
It is apparent that the delayed-KR 
group began to make more short re- 
sponses when KR was omitted during - 
extinction. Application of Wilcoxon's 
test for paired replicates to the differ- 
ence between the last half of acquisition 
and the first half of extinction results 
in T=30, Z=1.77, p = .038 for a 
one-sided hypothesis. A similar analy- 
sis applied to the immediate-KR group 
indicated that they made significantly 
fewer short responses during the first 
half of extinction than during the last : 
half of acquisition. 

Comparison of the three treatment 
conditions by analysis of variance of 
the first half of extinction (Trials 51- 
70) resulted in, F(2, 26) = 475, p 
«02. Similar analyses applied to the 
last half of extinction permitted identi- 
cal decisions, 

Long responses —The mean number 
of long responses made by the short 
responders is presented in Fig. 2. A 
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Fic. 2. Mean number of long responses 

made by short responders. 
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comparison of Fig. 2 with Fig. 1 re- 
veals that the immediate-KR group 
decreased its production of short re- 
sponses and substantially increased its 
frequency of long responses. Com- 
parison of the last half of acquisition 
with the first half of extinction indicates 
that the increase in number of long 
responses is highly significant (T = 0, 
p «.01). On the other hand, the de- 
layed group showed no such tendency 
(T —40.5, p» .05). Comparison of 
the three treatment groups by analysis 
of variance did not permit the rejection 
of the null hypothesis for either the 
first or last half of extinction. 

We may summarize the results for 
the short responders as follows: (a) 
If a short responder is trained under 
delay of KR then early in extinction 
he tends to significantly increase the 
number of short responses that he 
makes ; he does not reliably increase the 
number of long responses. (b) If a 
short responder is trained under im- 
mediate KR, then early in extinction 
he tends to significantly increase his 
frequency of long responses and to 
reliably decrease the number of short 
responses which he makes. 


Long Responders 


Long responses.—The mean number 
of long responses made by the long re- 
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Fic. 3. Mean number of long responses 
made by long responders. 
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sponders is presented in Fig. 3. The 
shift in performance by the delay group 
in the first half of extinction was found 
to be statistically reliable (=0, p 
= .03) by application of the sign test 
since Wilcoxon’s test is not applicable 
to the case of five pairs. A sign-test 
comparison of the acquisition-extinc- 
tion shift of the immediate-KR group 
indicated that there was no significant 
change (x —1, p=.11). However, 
it should be noted that the direction of 
the shift is opposite that of the delayed 
group, i.e., fewer long responses. 

Variance analysis of Trials 51-70 
resulted in F(2, 17) = 574, p < .05. 
Subgroup comparisons revealed that 
the delayed group made significantly 
more long responses than the immedi- 
ate group, t(10) = 2.43, p < 05. An- 
alysis of the data for the last half of 
extinction yielded no reliable differ- 
ences. 

Short responses.—The shift in fre- 
quency of short responses was in the 
expected direction, ie. there was an 
increase in short responses by the im- 
mediate group and a decrease in short 
responses by the delayed group. How- 
ever, the magnitude of the shifts was 
not statistically reliable. 
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Discussion 


The results support the reliability of 
the suggested effect previously obtained 
with short responders (Dyal, Wilson, & 
Berry, 1965) and extend the phenomenon 
to the case of long responders. At the de- 
scriptive level we may conclude that im- 
mediate and delayed KR have opposite 
effects on the type of response which is 
made most frequently during extinction. 
Regardless of the direction of the origi- 
nal response bias, training under delayed 
KR results in an increased frequency of 
the original response bias during extinc- 
tion. On the other hand, training under 
immediate KR results in a tendency to 
make responses in the direction opposite 
to the original response bias. It should 
be noted that these differential effects 
were obtained when no acquisition per- 
formance differences were apparent if the 
analysis was based on the two most com- 
monly used dependent variables, i.e., num- 
ber of correct responses made by all Ss 
and mean absolute error for all Ss dur- 
ing acquisition. 

Bilodeau, Bilodeau, and Schumsky 
(1959), MacPherson, Dees, and Grindley 
(1948), and Dees and Grindley (1951) 
have observed a general tendency for Ss 
to overshoot when KR is eliminated. The 
present data are consistent with this 
global overshooting tendency in that the 
response shift is greater for long re- 
sponses (overshooting) than for short re- 
sponses (undershooting), regardless of 
the original response bias (Fig. 1-3). 
Furthermore, the curious facts revealed 
by Fig. 1 and 2, that the no-KR group 
reduced its frequency of short responses 
and increased its frequency of long re- 
sponses from pretest through acquisition, 
may be a further manifestation of this 

_ general overshooting tendency. However, 
the present results and the Dyal, Wilson, 
and Berry data indicate that the tendency 
to overshoot depends on an interaction of 
delay of KR and S response bias. The 
form of this interaction may be seen in 
Fig. 4. Application of a least-squares 
solution for unequal cell frequencies 
(Winer, 1962, pp. 291-293) resulted in 
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a significant interaction term, F (1, 36) = 
11.99, p <.01. 

One possible interpretation of this inter- 
action may be developed around the key 
assumption that immediate KR changes 
S’s subjective standard more than de- 
layed KR. Entailed in this approach is 
the general conception of a line-drawing 
task as being similar to the matching task 
involved in the psychophysical method of 
average error. The S brings to the ex- 
perimental situation a subjective stand- 
ard of a 3-in. line. When no external 
KR is present, as in the first 10 trials 
and in the extinction series, S attempts 
to match his response to his subjective 
standard. The information provided by 
the introduction of KR is twofold. It in- 
dicates the deviation of the response from 
E's standard and it indicates somewhat 
less precisely the deviation of S's subjec- 
tive standard from E's standard. We may 
assume that the effect of informative KR 
is on both performance and learning. 
The effect on performance is apparent in 
the differences in number of correct re- 
sponses which constantly occur under KR 
vs. no-KR conditions. The effect on 
learning is here assumed to occur via the 
modification of S's subjective standard 
toward the external standard. When ex- 
ternal KR is omitted then S must again 
rely on the subjective standard as his re- 
sponse guide. Under our original as- 
sumption that immediate KR modifies the 
subjective standard more than does de- 
layed KR, it would be expected that the 
delayed group would be more influenced 
by their original response bias than would 
be the immediate groups. Specifically, 
under the preceding argument it would 
be postdicted that the immediate group 
of short responders would make more 
long responses in extinction than would 
the delayed group, while the immediate 
group of long responders would make 
fewer long responses than would the de- 
layed group. 

Although the preceding argument is 
post hoc, it entails some empirical conse- 
quences by which its predictive power 
could be tested. Whether the modifica- 
tion of the subjective standard is a learn- 
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ing or performance effect could be estab- 
lished by examining the retention of the 
response. Experiments in which the ef- 
fects of delay of KR, intertrial interval, 
and Ss’ response bias on type of response 
made after various retention intervals 
seem to be in order? Another experi- 
mental test, currently underway in our 
laboratory is to create a subjective stand- 
ard which is either too long or too short 
by giving practice in drawing a 4-in. 
line or a 2-in. line which SS believes to 
be a 3-in. line. If this training is suc- 
cessful these Ss should perform similarly 
to the long and short responders of the 
present study. Another possible approach 
is to attempt to measure S’s subjective 
standard. In this procedure line drawing 
would be periodically interrupted and S 
would be asked to select which one of a 
set of visually displayed lines was in fact 
a 3-in, line. Results indicating that S's 
selection tended to shift in the direction 
of E's standard as a function of practice 
would be consistent with the above argu- 
ment. 


3 A step in this direction has been taken 
by Brackbill and Kappy (1962) who found 
that retention was better under delayed KR 
than under immediate KR early in reten- 
tion (1 day) but no later (8 days). 
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OPTIMALITY OF PERCEPTUAL DECISION CRITERIA! 


Z. JOSEPH ULEHLA ? 
University of Colorado 


Statements of signal detectability theory have implied that Ss place 
their decision cutoffs in such a fashion as to maximize the expected 


value (EV) of their decisions. 


Using a 2-choice discrimination task 


involving judgment of the tilt of lines, the decision cutoffs of naive Ss 
were evaluated in different situations requiring different cutoffs for the 
maximization of EV. Although Ss’ cutoff placement was influenced by 
the relevant factors, ie, by the relative payoff yielded by the alterna- 
tive decisions and by the relative probability of the stimulus alternatives, 
the influence was not sufficiently strong to maximize EV. 


In contrast with the general finding 
that human decision making fails to 
maximize expected values (Edwards, 
1961), descriptions of signal detecta- 
bility theory (Swets, Tanner, & Bird- 
sall, 1961; Tanner & Swets, 1954) 
have implied that a type of human 
judgment—the placing of a decision 
cutoff—does conform to an expected 
value (EV) criterion of optimality. 
However, the experimental support for 
this optimality proposition is not conclu- 
Sive for two reasons: (a) The majority 
of the data cited as supporting it have 
been correlational showing a depend- 
ence relationship rather than an iden- 
tity relationship between Ss' cutoffs 
and the theoretically optimal cutoffs 
(eg. Swets et al, 1961) ; (b) The 
relevant experiments have generally 
used small numbers of practiced Ss. 
The research reported here made direct 
comparisons between the decision cut- 
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offs of a substantial number of naive 
Ss and the cutoffs which would, theo- 
retically, maximize EV. 

Signal detectability theory concep- 
tually separates the covert cue-produc- 
ing response (CCPR) resulting from 
a stimulus from the decision made with 
respect to that stimulus. According to 
the theory, a repeated physically con- 
stant stimulus generates a distribution 
of CCPRs varying along one or more 
covert dimensions, For example, in 
judging tilt of line, repeated presenta- 
tions of left-tilt stimuli give rise to one 
distribution; right-tilt stimuli give rise 
to a second (overlapping) distribution 
along the same dimension(s) but with 
different parameters. To determine 
which decision to make, 5 places a cut- 
off upon the dimension (s) along which 
the CCPRs vary. The CCPR to each 
stimulus in turn is compared with the 
selected cutoff. Regardless of actual 
tilt, those stimuli yielding CCPRs “left” 
of the cutoff are judged to be left 
tilted, those stimuli yielding CCPRs 
"right" of the cutoff are judged to be 
right tilted. (See Fig. 1.) 

Since each physical stimulus alterna- 
tive generates a probability density over 
one or more covert dimensions, any 
point along the covert dimension (or in 
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POSSIBLE CUTOFFS 


i 


LEFT-TILT CCPRs —» 


4 


«— RIGHT-TILT CCPRs 


Fic, 1. Hypothetical covert cue-producing response distributions to left-tilt and right-tilt 
presentations. 


the multidimensional space) involves a 
likelihood ratio : 


right tilt density 
left tilt density ` 


The covert dimensions and cutoffs can 
be treated in terms of the associated 
likelihood ratios. Of particular con- 
cern here, the likelihood ratio (LR) 
corresponding to a decision cutoff un- 
derlying two-choice discrimination can 
be inferred from O’s overt behavior 
using procedures described below. 

The cutoff LR which maximizes the 
EV of a tilted-line discrimination task 
is given by the following formula: 


.. P(left stimulus) 
Bete n P (right stimulus) 


V(left-hit) — V (left-missed) 
V(right-hit) — V (right-missed) 


where P means prior or base-rate prob- 
ability of the given physical stimulus 
alternative, V stands for value which 
may either be positive or negative, hit 
stands for correct identification of the 
listed tilt, and missed stands for incor- 
rect identification, 

The present research was designed to 
compare Ss' cutoff LRs with the opti- 
mal LRs as defined in Equation 1. To- 
ward this end, a tilted-line discrimina- 
tion task was developed and tested for 
fit of signal detectability theory (not 
including the optimality implications). 


[1] 


The test of fit supported the applica- 
bility of the theory and the normality 
of the CCPR distributions; details are 
presented in Ulehla (1964). 

As Equation 1 shows, Beta is a func- 
tion of both the probabilities of the 
alternative stimuli and the payoffs ad- 
ministered to Ss. Therefore, Ss’ cut- 
off LRs were obtained under two prob- 
ability conditions and two payoff con- 
ditions. Two hypotheses were tested, a 
strong one yielding point predictions 
and a weak one yielding only direc- 
tional predictions. The strong hy- 
pothesis states that S's’ cutoff LRs will 
cluster at the optimal points. The weak 
hypothesis states that when payoff or 
probability conditions change so as to 
change Beta, Ss will change their cut- 
offs in the appropriate direction. Test- 
ing of the strong hypothesis required 
the comparison of Ss’ cutoff LRs with 
Beta within conditions; testing of the 
weak hypothesis required the compari- 
son of Ss’ cutoff LRs across conditions 
involving different Betas. 

Two experiments were performed. 
Experiment II, a replication of part of 
Exp. I, was conducted in order to 
clarify an ambiguous result of Exp. T. 


EXPERIMENT I 
Method 


Subjects.—The Ss were 22 undergraduate 
university students run in two groups of 11 
students each. 
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Apparatus—A Keystone automatic slide 
projector fitted with an Alphax shutter was 
used to project the stimuli upon a reflecting 
screen in a well-illuminated classroom. Each 
stimulus was a 9-in. line tilted 4° from the 
vertical as defined by an enclosing 28-in. 
square in which the line was centered. Lines 
labeled “left-tilt” were tilted 4° in the coun- 
terclockwise direction; lines labeled “right- 
tilt” were tilted 3? in the clockwise direction. 

Procedure.—The S's task was to discrimi- 
nate the left-tilt lines from the right-tilt 
lines. Each stimulus was projected for 1/50 
sec, Stimuli were presented in blocks of 10 
with a 5-sec. interval separating consecutive 
presentations. After each stimulus presenta- 
tion, S indicated his judgment of tilt by writ- 
ing “L” or “R” on his answer sheet. At the 
conclusion of each block of 10 presentations, 
E read to S the tilts actually presented and 
S wrote the correct sequence of Ls and Rs 
alongside his judgments. All experimental 
situations involved a monetary gain for each 
correct decision and a cost for each incor- 
rect decision. After each block of 10 pres- 
entations, S' computed his earnings accord- 
ing to the assigned payoff matrix. 

Each S was run in three types of experi- 
mental conditions: (a) balanced condition; 
(b) unbalanced payoff condition; and (c) 
unbalanced probability condition. The bal- 
anced conditions were characterized by equi- 
probability of the alternative stimuli and a 
balanced payoff matrix. One cent gain for 
all correct decisions, 0¢ loss for all incorrect 
decisions was employed in the first balanced 
condition for each group; lé gain for all 
correct decisions, 1¢ loss for all errors was 
employed in the second balanced condition 
for each group. 

The unbalanced payoff condition involved 
equiprobable stimuli but incorporated the un- 
balanced payoff matrices shown in Table 1. 
The Ss were run in two different groups so 
that imbalance could favor right-tilt for half 
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of the Ss and favor left-tilt for the other 
half. 

The unbalanced probability condition in- 
volved stimulus probabilities of two thirds 
and one third. For Group I left-tilt was 
presented on two thirds of the trials; for 
Group II right-tilt was presented on two 
thirds of the trials. The payoff matrix was 
balanced with 1é gain for all correct de- 
cisions and 1€ loss for all incorrect decisions. 

Group I participated in four experimental 
conditions as follows: (a) first balanced con- 
dition; (b) unbalanced payoff condition; (c) 
second balanced condition; (d) unbalanced 
probability condition. Group II participated 
in equivalent experimental conditions in the 
following order: (a) first balanced condi- 
tion; (b) unbalanced probability condition; 
(c) second balanced condition; (d) unbal- 
anced payoff condition. All conditions in- 
“cluded 20 practice trials and 400 trials for 
record.? 

Evaluation of Os’ performance.—Accord- 
ing to theory, the decision cutoff placed on 
an S’s covert response distribution appor- 
tioned the covert response dimension into 
two critical regions. A stimulus produc- 
ing a CCPR falling into one of these was 
judged one way (“it slants to the left"; 
R-left) ; a CCPR falling into the other criti- 
cal region was assigned the other overt re- 
sponse (“it slants to the right”; R-right). 
(See Fig. 1.) The cutoff attributed to O is 
thus a function of the probabilities marked 
off by it: P(R-left/S-left) (the probability 
of a “line is slanted to the left” response 
given a left slanted line); P(R-right/S- 
left); P(R-left/S-right) ; and P(R-right/ 
S-right). Since P(R-right/S-left) =1— 
P(R-left/S-left) and P(R-right/S-right) = 
1 — P(R-left/S-right), only two of the prob- 
abilities need be used in the analysis; P(R- 
left/S-left) and P(R-left/S-right) suffice to 
specify cutoffs. These probabilities were in- 
ferred from the empirical proportions, 


number of R-left responses to S-left presentations 


and 


number of S-left presentations 


number of R-left responses to S-right presentations 


number of S-right presentations i 


On the basis of pilot experiments reported 
by Ulehla (1964), CCPR distributions were 
assumed to be normal. Thus, entering the 
conditional response probability for left-tilt 
stimulus, P(R-left/S-left), into a table of 
areas and ordinates under the normal curve 


yielded the left-tilt ordinate at the cutoff 
point. The right-tilt ordinate was similarly 


*Due to an equipment failure, the first 
balanced condition administered to Group IT 
was limited to 335 trials for record. 
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TABLE 1 


Payorr MATRICES FOR THE UNBALANCED 
Payorr CONDITIONS 


Group I Group II 
ERES Response pom Response 
Left | Right Left | Right 
Left 26 | —2¢ | Left 1¢| —1¢ 
Right | —1¢ 1¢ | Right} —2¢ 2¢ 


obtained from P(R-left/S-right). The ratio 
of the cutoff ordinates yielded the LR repre- 
senting O's decision cutoff. 

The left/right probability ratio for the 
unbalanced probability condition was 2/1 
(Group I) or 1/2 (Group II). Similarly, 


the left/right value ratio was ucc 


F 1¢— (-16) ; 
ie, 2/1 (Group I) or ———— 7, ke, 1/2 

/1 (Group I) or 5 $= (228) / 
(Group II). Since either the value or the 
probability ratio differed from unity in the 
unbalanced conditions, but never both at the 
same time, Beta simply equals the unbal- 
anced ratio, ie, 1/2 or 2/1 (see Equation 
1). Of course, a left/right ratio of 2/1 is 
equivalent to a right/left ratio of 1/2; for 
simplicity the data for each group were 
placed in the form yielding Beta of 2/1, 
rather than 1/2, for the unbalanced con- 
ditions 


Results 

The strong hypothesis was clearly 
disconfirmed; Ss’ cutoff LRs did not 
cluster about Beta, the point yielding 
the highest EV. As Table 2 shows, 
in each unbalanced condition the mean 
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Os’ cutoff LR is closer to unity than 
Beta is. Each discrepancy of mean Os’ 
cutoff LR from Beta is statistically sig- 
nificant at the .001 level of confidence 
as shown by a t ratio of 4.3 for unbal- 
anced pay condition and a ¢ ratio of 
5.1 for the unbalanced probability con- 
dition.* Only 4 of the 22 individual Ss 
exceeded Beta in the unbalanced pay 
condition and three in the unbalanced 
probability condition. 

The weak optimality hypothesis states 
that when payoff or probability condi- 
tions change so as to change Beta, Ss 
will change their cutoff in the appro- 
priate direction. Since payoff and prob- 
ability changes were made separately, 
they will be treated separately. 

Taking the payoff change first, its 
effect may be assessed by comparing 
the location of Ss’ cutoff LRs in the 
unbalanced payoff condition with their 
respective cutoff LRs in the preced- 
ing balanced condition, Since unbal- 
anced payoff constituted the second 
condition for Ss in Group I, it was 
compared with the first balanced con- 
dition; since unbalanced payoff consti- 
tuted the fourth condition for Group 
II, it was compared with the second 
balanced condition which was, overall, 
the third of the four conditions. Six- 
teen of the 22 Ss changed their cutoff 


4In order to eliminate skewness, all f tests 
were performed upon the logarithms of the 
likelihood ratios. 


TABLE 2 
CUTOFF LIKELIHOOD RATIOS 
Cond. 
dud Exp.I Exp. II 

i l Unbal: Unbalanced 
patty | Sand, | Ubea? Probabiity| Balanced | Probability 

Optimal Cutoff LR (Beta) 1.0 1.0 2.0 2.0 1.0 2.0 

Mean Obtained Cutoff Ratio| 1.08 1.32 1.50 1.44 1.05 1.47 
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LRs in the appropriate direction; the 
mean change was .35 and was statisti- 
cally significant (t= 3.38, p< .01). 
Thus the weak optimality hypothesis 
was supported with respect to the pay- 
off determinant of optimal cutoff place- 
ment. Favoring one alternative tilt by 
unbalanced payoff led to a significant 
change in the mean cutoff LR in the 
direction leading to higher EV. 

The significance of the probability 
manipulation was indeterminate due to 
a confounding aftereffect of the payoff 
manipulation (details are presented by 
Ulehla, 1964). Experiment II was 
performed to clarify the probability ef- 
fect and was essentially a replication of 
the probability manipulation of Exp. I. 


EXPERIMENT II 


The experimental task and the meth- 
ods of computing optimal cutoff (Beta) 
and Os’ cutoffs were all the same as in 
Exp. I described above. Two groups 
of Ss were run, Group I included 12 
undergraduate university students as 
Ss; Group II included 11 such Ss. 
Each group was presented a balanced 
condition, similar to the second bal- 
anced condition of Exp. I, followed 
by an unbalanced probability condition, 
similar to the unbalanced probability 
conditions of Exp. I. For Group I 
right-tilt was more probable; for Group 
II, left-tilt was more probable. 

As in Exp. I, the strong optimality 
hypothesis was disconfirmed. As Table 
2 shows, the mean Os’ cutoff is very 
close to the equivalent mean obtained 
in Exp. I. As in Exp. I, the discrep- 
ancy of Os’ mean cutoff from Beta in 
the unbalanced probability condition is 
highly significant, t = 4.30, p < .001. 
Only 3 of the 23 individual Os ex- 
ceeded Beta. 

The main purpose of Exp. II was to 
see if a probability effect would mani- 
fest itself in the absence of a confound- 
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ing aftereffect of unbalanced payoff. 
As Table 2 shows, mean Os’ cutoff dif- 
fered substantially between the bal- 
anced condition and the unbalanced 
condition. This difference was in the 
direction predicted by the weak opti- 
mality hypothesis and was significant, 
t = 2.94, p <.01. Making one alterna- 
tive tilt more probable than the other 
led to a significant change in the mean 
cutoff LR in the direction leading to 
higher EV. Fourteen of the 23 indi- 
viduals changed their cutoff placement 
in the appropriate direction and the 
mean absolute change of these Ss was 
much greater than the mean change of 
the remaining 9 Ss who did not change 
in the appropriate direction. 


Discussion 


The findings in terms of mean perform- 
ance can be summarized as follows: Most 
Ss move their decision cutoff LRs in the 
appropriate direction in response to pay- 
off imbalance or probability imbalance, 
but their cutoff LRs fail to reach Beta, 
the LR which maximizes EV. Instead, 
most cutoffs fall between unity and Beta. 
An analysis of performance within condi- 
tions, reported by Ulehla (1964), sug- 
gested that the intermediate position of 
the mean cutoff LR for an unbalanced 
condition did not reflect a steady learning 
process; rather, mean performance ap- 
peared to be stabilized short of Beta. 
"The Ss failed to make as radical a change 
in their cutoff LRs as would maximize 
EV. Green (1960), who obtained a simi- 
lar result for two Ss in an auditory ex- 
periment, has termed this phenomenon 
“conservative.” 

Theoretical papers on signal detecta- 
bility theory in psychological journals 
imply that S’s selection of a decision cut- 
off LR is optimal in terms of maximizing 
expected monetary gain (Swets et al. 
1961; Tanner & Swets, 1954). Discon- 
firmation of the strong hypothesis is clear 
negative evidence for such an EV model. 
Although this result does not negate 
the strictly psychophysical applications of 
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signal detectability theory, it contradicts 
the implication that one type of human 
judgment is accurately predicted by an 
objective decision theory model. At least 
for naive Ss under the conditions of the 
present experiment, cutoff placement de- 
parts considerably from the theoretical 
optimum. 

Much of the predictive error of the EV 
model is systematic, ie, overestimating 
the cutoff LR of over 8095 of the Ss in 
this experiment and both of Green's Ss. 
The consistency of this overestimation 
across unbalanced conditions suggests 
that some modification of the EV model 
may offer substantially better prediction. 
The simplest starting point may be to 
build the apparent conservative bias into 
the predictive model; this can be done 
when data are available in a variety of 
situations involving different values of 
Beta and different types of S. The de- 
gree of bias seems likely to depend on 
such situational factors as task difficulty, 
type of informative feedback, and choice 
of Beta. The possibility also exists that 
conservative bias will diminish if Ss are 
provided intensive training or experience, 
thus resulting in better fit of the unmodi- 
fied EV model. 

The data, as far as mean performance is 
concerned, do not contradict a subjec- 
tively expected utility (SEU) model, 
which fares much better than objective 
models in other domains of research (Ed- 
wards, 1961). If subjective probability 
lags behind objective probability, a com- 
mon finding either when probability is 
estimated from relative frequencies (e.g., 
Peterson & Ulehla, 1964) or subjective 
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probability is changed in the light of new 
data (e.g., Peterson & Miller, 1965), con- 
servative bias in unbalanced probability 
situations would follow. If correctness 
possesses utility for Ss, along with mone- 
tary reward, conservative bias in unbal- 
anced pay conditions could result because 
cutoff LRs on the unity side of Beta 
would yield enhanced utility from ac- 
curacy to compensate for diminished util- 
ity from monetary gain. Cutoff LRs on 
the opposite side of Beta would yield 
diminished utility on both counts. A pre- 
cise test of the SEU model as a predic- 
tor of decision cutoff placement would 
require independent measures of subjec- 
tive probability and utility. 
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EFFECT OF SPATIAL PARAMETERS ON THE 
VIBROTACTILE THRESHOLD * 
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Some spatial parameters involved in the excitation of mechanoreceptors 
in glabrous skin were investigated. The extent of protrusion by the 
contactor into the skin, the gradient and curvature of displacement 
produced by the contactor and contactor configuration, and the 
threshold for vibration as a function of frequency and contactor area 
were studied. Thresholds for vibration decrease in direct proportion to 
the extent of protrusion by the contactor. An inverse relation exists 
between the vibrotactile threshold and the contactor area, having a 
slope of 3 db. per doubling of area. Thresholds are relatively un- 
affected by changes in the gradient and curvature of the displacement. 
Differences in slope between small and large contactors are interpreted 
as evidence that there may be more than one receptor system in 


glabrous skin responsive to mechanical deformation. 


Recent advances in technology have 
been accompanied by increased de- 
mands made upon the human sensory 
system, One important consequence of 
this advanced technology has been the 
need for additional channels of com- 
munication other than visual and audi- 
tory. Although the employment of cu- 
taneous sensitivity as a supplementary 
communication channel is relatively 
new (Gault, 1936; Knudsen, 1928), it 
has in recent years occupied the atten- 
tion of an increasing number of investi- 
gators (Geldard, 1961; Hawkes, 1960). 

Information processing by the cu- 
taneous modality may be utilized when 
the effectiveness of a conventional 
channel is reduced, as in high noise 
environments, or where existing chan- 
nels are overtaxed, as in jet and space 
control systems. A practical and hu- 


1This work was supported by contracts 
between the United States Office of Naval 
Research, ONR Contract No. NOnr 669(13), 
NR No. 140-145, the National Institutes of 
Health, United States Department of Health, 
Education, and Welfare, and Syracuse Uni- 
versity. Reproduction in whole or in part is 
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mane aspect of this research is its ap- 
plicability in compensating for the sen- 
sory losses of the blind and the deaf, 
both as an aid to verbal communication 
and to mobility. Before these needs 
may be satisfied sizable gaps must be 
filled in our understanding of the ef- 
fects of certain basic stimulus param- 
eters which activate the sense of touch. 

The physical domains of the param- 
eters to which mechanoreceptors may 
respond are the time domain and the 
spatial domain. These experiments are 
concerned with the spatial parameters. 
They are a systematic study of the ef- 
fects of contactor area, contactor con- 
figuration and frequency on the vibro- 
tactile threshold. 


APPARATUS AND METHOD 


The output of a sine-wave generator was 
controlled by an electronic switch producing 
a signal that was on for 1 sec. and off for 
1 sec. In order to avoid transients, a rise- 
decay time of 100 msec. was utilized. The 
signal was passed through a variable at- 
tenuator controlled by E. The output of 
the attenuator was fed into an amplifier 
which drove a Goodmans vibrator. For some 
studies data acquisition was facilitated by in- 
serting a Békésy recording attenuator be- 
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fore the amplification stage. The vibrator 
assembly was located inside a booth which 
provided isolation from vibrations within the 
building. 

A center-hole accelerometer was mounted 
directly on the moving element of the vibra- 
tor permitting accurate measurement at the 
time of stimulation (Fig. 1). The accelera- 
tion of the contactor was read from a volt- 
meter at the time S was being stimulated. 
Displacement values in microns, were de- 
rived from these readings and then converted 
to decibels, referred to 14 of displacement. 

The vibrator assembly was positioned on a 
drill-press platen having an elevation mecha- 
nism which permitted fine adjustments of the 
vibrator height. The vibrator rested on 
foam-plastic material to provide isolation of 
vibration between the vibrator and the rigid 
surface. The S sat in a chair next to this 
assembly with his arm and hand resting 
palm down at a comfortable height on the 
rigid surface. 

The contactors were threaded onto the 
moving element of the vibrator and pro- 
truded into a hole in the rigid surface where 
S's arm and hand rested. The size of the 
gap or free surround between the contactor 
and the rigid surface was controlled by a 
series of adjustable rings which fit into the 
rigid surface around the contactor. This ring 
served to prevent the spread of the vibratory 
disturbance along the surface of the skin. 

The vibratory stimulus was applied to the 
center of the fleshy pad on the palmar sur- 
face over the first metacarpal of the right 
hand. In some experiments threshold meas- 
urements were made on three Ss and in 
other experiments on four. In all of the re- 
sults each of the data points reported repre- 
sents median value measurements. 


RESULTS 


Threshold as a function of contactor 
pressure.—The degree of contact be- 
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Fic. 1. Diagram of vibrator assembly. 


571 


pe 


zt. 
3 racauencr 3 
ok em 
wor 
$n 9 
Omo a 


——L 

"9 po R10 T 

CONTACTOR NENNT IN MILLIMETERS 
RE RD SURFACE 


M 16 3 


A ERI 


Fic. 2. Vibrotactile thresholds as a func- 
tion of contactor height at four frequencies. 
(Width of free surround—.20 cm.) 


tween the contactor and the skin as 
well as the amount of pressure that the 
contactor exerts on the skin are impor- 
tant parameters in tactual stimulation. 
Cohen and Lindley (1938) observed 
that thresholds for vibration decreased 
with increased pressure and Babkin, 
Rozen, Tumarkina, and Chernyak 
(1961) showed that thresholds de- 
creased in proportion to the’ depth of 
the contactor relative to the skin’s sur- 
face. Eijkman and Vendrick (1960) 
demonstrated that the skin does not 
follow the contactor exactly at frequen- 
cies above 15 cps. Since both pressure 
and contactor depth could have affected 
the results of the following experi- 
ments, several tests were made to as- 
sess their effects under the conditions 
used in these experiments. 

The shift in threshold as a function 
of contactor height relative to the rigid 
table surface is shown in Fig. 2. Five 
contactor heights: —0.5, 0, +0.5, +1.0, 
and +1.5 mm., were tested at four fre- 
quencies, The area of the contactor 
was 0.113 cm?, These results clearly 
support the finding of Babkin et al. 
(1961) that as the contactor is pressed 
into the cutaneous tissue the threshold 
for vibration decreases. 

In order to determine if the skin fol- 
lowed the excursions of the contactor, 
S was connected in series with a low 
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voltage dry-cell battery, the contactor 
and an oscilloscope. The impedance of 
the oscilloscope and 5s were approxi- 
mately equal. The circuit was closed 
when the contactor touched S’s hand 
and open when contact was lost. Ob- 
servation of the dc levels on the oscillo- 
scope indicated clearly when contact 
between the skin and the contactor was 
open or closed. At threshold intensi- 
ties there was no loss of contact when 
the contactor was increased 0.5 or 1.0 
mm. beyond minimum contact with the 
skin. Loss of contact began to occur 
at 25-db. SL in the low frequencies 
and increased with frequency up to 80 
cps. Above 80 cps contact remained 
stable to the intensity limit of the equip- 
ment, 

In the experiments that followed the 
contactor was always adjusted to 0.5 
mm. above contact with the skin to in- 
sure that the skin followed the motion 
of the vibrator. Skin contact was de- 
termined by having S hold one lead of 
an ohmmeter while the other lead was 
attached to the vibrator. The vibrator 
assembly was raised slowly until the 
contactor touched the surface of the 
skin which closed the circuit and pro- 
duced a deflection on the ohmmeter. 
This procedure provided a reliable 
reference for adjusting the contactor 
height and eliminated any dependence 
on S's report. 

Effect of contactor configuration and 
area.—Atreal displacement of tissue and 
the gradient and the curvature of dis- 
placement (considered together) are 
all physical parameters of the mechani- 
cal deformation of skin. Any one or 
all of these may play a significant role 
in the excitation of mechanoreceptors 
located in cutaneous tissue (Verrillo, 
1962). In order to determine how 
these parameters affect threshold, the 
gradient and curvature of displacement 
must be maintained for different areas 
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and the gradient and curvature must 
be varied for a constant area. A set of 
contactors was constructed in order to 
test these two conditions. 

The standard contactor consisted of 
an aluminum disk 6 cm. in circumfer- 
ence with the center machined out to 
make a sharp-edged concave form, 
This contactor was filled with fast- 
setting dental plaster and an impres- 
sion was made of each S's test site on 
the hand. Thus, the contour of S's 
skin and the contactor were matched 
and the distribution of pressure over 
the surface of the contactor was even. 
The vibrator was raised .5 mm. before 
testing. In this condition the area was 
rather large (2.9 cm?) and a single 
gradient and curvature of displacement 
existed around the perimeter of the 
contactor, 

In order to minimize the gradient 
and curvature of displacement for a 
given area a convex contactor having 
the same area was constructed. The 
smooth, shallow dome of this contactor 
presented no definite edge to the skin. 

The condition of reduced area and 
increased gradient and curvature was 
achieved by making a contactor having 
the form of an annulus equal in circum- 
ference to the standard contactor (6.0 
cm.), with a solid, nonvibrating core. 
This produced a gradient and curva- 
ture of displacement on either side of 
the vibrating element and an area of 
only .92 cm?, 

A fourth contactor was introduced in 
which the entire shape of the vibrating 
element was altered. This contactor 
had a single straight edge. In each con- 
dition the gap between the vibrating 
element and the rigid surface was 1 
mm. and the contactor in each case was 
raised .5 mm. above contact with the 
skin. 

The data show that when the area of 
displacement is constant the thresholds 
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are approximately equal regardless of 
contactor shape, gradient, or curvature 
of displacement. The data for the solid 
core contactor show that when the area 
is effectively reduced and the gradient 
and curvature doubled, the thresholds 
are generally higher. We may con- 
clude, therefore, that the threshold dif- 
ferences are due to a difference in 
stimulated area and that the area of 
displacement is a controlling parameter 
in vibrotactile stimulation. 

Vibrotactile threshold as a function 
of contactor area.—This line of investi- 
gation is of particular interest since 
spatial summation has been explored in 
the sense modalities of hearing and 
vision. Graham, Brown, and Mote 
(1939) and Weinstein and Arnulf 
(1946) varied the area of a patch of 
light falling on the retina. Their 
threshold curves had a slope of ap- 
proximately —3 db. per doubling of the 
stimulated area. 

In hearing, Zwicker, Flottorp, and 
Stevens (1957) also obtained a —3 db. 
slope when they measured constant 
loudness of tones and noise as a func- 
tion of the width of the energy band 
of the stimulus. An increase in the 
bandwidth of an auditory stimulus can 
be considered the direct correlate of an 
increase in the area of stimulation 
along the basilar membrane. It was 
reasonable, therefore, to expect that 
doubling the area of stimulation in 
vibrotactile experiments would also 
produce a reduction in absolute thresh- 
old of about 3 db. 

The final experiment of this series 
involved a systematic determination of 
absolute thresholds for frequencies of 
25, 40, 80, 160, 250, 320, and 640 cps 
and contactor areas of 0.005, 0.02, 0.08, 
0.32, 1.3, 2.9, and 5.1 cm’. Individual 
plaster impressions were made by the 
method described above for the three 
largest sized contactors. Since testing 
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showed that S’s skin produced no de- 
pression in the plaster for the four 
smallest contactors, flat-surfaced con- 
tactors were used. 

The results of this experiment are 
shown in Fig. 3. When the absolute 
thresholds are plotted as a function of 
frequency with contactor area as the 
parameter the data show U-shaped 
curves with a maximum of sensitivity 
in the region of 250 cps. The func- 
tions are parallel and reveal a system- 
atic decrease in threshold as the area 
of stimulation is increased (Verrillo, 
1963). The slopes of the curves in 
Fig. 3 are approximately —3 db. indi- 
cating that sensitivity is directly propor- 
tional to the area of the stimulated sur- 
face. For these results then, it is evi- 
dent that area of stimulation is an 
important parameter of the vibrotactile 
stimulus. 

Figure 3 also reveals that there is no 
shift in threshold for very small areas 
(0.005 and 0.02 cm*) and for low fre- 
quencies (25 and 40 cps). These facts 
suggest the possible existence of two 
receptor populations, one that responds 
to both differences in frequency and 
area of stimulation and another that is 
insensitive to these changes. The con- 
cept of two receptor systems in cutane- 
ous tissue is not a new one. It was pro- 
posed by Treitel (1897) in the late 
1800s and more recently by von Bé- 
késy (1940). Geldard (1940), on the 
other hand, found no confirmation of a 
dual system of mechanoreceptors in the 
skin. 

Winkelmann (1960) in an extensive 
summary of anatomical evidence affirms 
the presence of two networks of nerve 
fibers in cutaneous tissue. In some re- 
cent physiological experiments several 
investigators have demonstrated selec- 
tivity to different physical stimuli on 
the part of histologically differentiable 
fibers (Gray & Matthews, 1951; Maru- 
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Fic. 3. Vibrotactile threshold as a function of contactor area. (The curves drawn through 
the experimental points have a slope of 3 db. per doubling of area, Verrillo, 1963.) 


hashi, Mizuguchi, & Tasaki, 1952). 
These studies, however, have not been 
confirmed directly with investigations 
on human beings, The evidence re- 
ported in the present investigation, al- 
though indirect, presents a reasonable 
argument that two populations of re- 
ceptors subserve the sense of touch in 
glabrous tissue of man. 


Discussion 


A series of investigations was under- 
taken to explore some of the spatial pa- 
rameters involved in the excitation of 
mechanoreceptors in glabrous skin of 
man. The parameters studied were the 
extent of protrusion by the contactor into 
the skin, the effects of gradient and curva- 
ture of displacement produced by the con- 
tactor and contactor configuration, and 
the threshold for vibration as a function 
of frequency and contactor area. 

The results indicate that the threshold 
for vibration decreases directly with the 
depth to which the contactor is pressed 
into the skin. The results further show 
that the vibrotactile threshold is directly 
affected by changes in the area of stimu- 
lation, but is relatively unaffected by 
either increasing or decreasing the gradi- 


ent and curvature of the displacement. 
An inverse relation exists between the 
area of the contactor and the stimulus 
amplitude required to evoke a threshold 
response, having a slope of 3 db. per 
doubling of contactor area. This slope 
agrees with results obtained in visual and 
auditory research. 

The frequency function of the threshold 
for vibration is U shaped with a maxi- 
mum of sensitivity at approximately 250 
cps. The shape of the curve, however, is 
flat for extremely small contactors (0.005 
and 0.02 cm?) and at low frequencies (25 
and 40 cps) the threshold appears to be 
independent of contactor size. This phe- 
nomenon is interpreted as evidence for 
the existence of more than one receptor 
system within glabrous skin responsive to 
mechanical deformation. One of these 
systems appears to be sensitive to changes 
in the area of stimulation and frequency 
while the other is independent of both 
these parameters. Anatomic and physio- 
logical studies of cutaneous tissue tend 
to support such a hypothesis. 
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SOLUTION OF THE TWO-STIMULUS TRANSPOSITION 
PROBLEM BY FOUR- AND FIVE-YEAR-OLD CHILDREN * 
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4- and 5-yr.-old children (N — 64) were given a transposition test with 
stimulus pairs that were from 1 to 4 steps larger than the training set. 
The Ss were trained and tested on pairs that either had an intrapair 
area factor of 14:1 or 16:1. All Ss were able to verbalize the 
relevant relationship. The group that received the 1.96:1 sets learned 
the training discrimination faster than the other group and transposed 
inalltests. The 1.4:1 group revealed that increased difference between 
the training and test sets resulted in decreased transposition. These 
data indicated that a determinant of the basis of solution of the 
transposition problem was the difficulty of the training discrimination. 
Uniform relational learning may be a function of the interaction of an 


easy discrimination with verbal processes. 


In the two-stimulus transposition 
problem, S is trained to respond con- 
sistently to one of two elements that 
differ on some physical dimension and 
is then tested with other pairs of stimuli 
on the same dimension. Studies have 
shown two distinct patterns of stimu- 
lus preference as the degree of differ- 
ence between the training and the test 
sets was increased. Infrahuman spe- 
cies and children under 4 yr. of age 
have revealed either a decreasing or a 
U-shaped gradient of transposition ( Al- 
berts & Ehrenfreund, 1951; Kendler, 
1950; Kuenne, 1946; Rudel, 1958; 
Spence, 1937; Stevenson & Langford, 
1957). The second pattern of choice, 
uniform transposition independent of 
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ton Grange Day Care Center, all of New 
York City, and Green Acres Day School, 
Waltham, Massachusetts for their coopera- 
tion in making children available for this 
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the difference between the training and 
the test sets, has appeared with 4- and 
5-yr.-old children (Alberts & Ehren- 
freund, 1951; Kuenne, 1946). Kuenne 
asserted that these two patterns re- 
vealed processes in older children that 
were qualitatively distinct from those 
characteristic of children under 4 yr. 
of age and animals. Her hypothesis 
was that choice was verbally mediated 
in the older Ss but was tied primarily 
to specific physical stimulus properties 
at earlier ontogenetic and phylogenetic 
stages. 

Verbal factors have not seemed im- 
portant in all studies of transposition. 
In the intermediate size problem, Ss 
up to the level of the adult human have 
demonstrated both transposition and 
choice of a nonrelationally defined test 
stimulus whether or not they could 
verbalize the relevant relational prin- 
ciple (Zeiler, 1963, 1964; Zeiler & 
Gardner, 1966). In addition, doubt 
exists as to whether the experimental 
data in the two-stimulus problem pro- 
vide sufficient evidence for Kuenne’s 
hypothesis. Both experiments that com- 
pared the transfer of 4- and 5-yr.-old 
children with that of children under 
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the age of 4 (Alberts & Ehrenfreund, 
1951; Kuenne, 1946) were identical in 
the following procedural respects. (a) 
Within-set stimulus differences were 
large. (b) A fixed number of train- 
ing trials per day were used. (c) The 
test was administered 24 hr. after cri- 
terion was reached in training. The 
possibility exists that it was these vari- 
ables that were responsible for the de- 
creased transposition in younger rela- 
tive to older Ss. 

In the study now reported, two levels 
of within-set stimulus differences were 
used and training and test were accom- 
plished in a single session. The pat- 
tern of test choice found with infra- 
human Ss and children under 4 yr. of 
age has appeared in a variety of ex- 
perimental situations. If the 4- and 5- 
yr-old Ss of the current study repli- 
cated the flat transposition gradient 
found by Kuenne and Alberts and 
Ehrenfeund, this would provide fur- 
ther evidence that behavior in 4- and 
5-yr.old children was inherently dif- 
ferent from that in younger children 
and animals. 


METHOD 


Subjects—The Ss were 77 children from 
48 to 71 mo. of age. They were assigned ran- 
domly to eight groups. Each of these groups 
consisted of 8 Ss that reached criterion on 
the training problem. 

Materials —The stimuli were 11 cream- 
colored 4-in. Masonite squares designated 
in order of size as No. 1-11. Block 1 had 
a surface area of 1.19 sq. in., and each suc- 
cessive block increased in area by a factor 
of 14. The goal object was a plastic chip. 

Stimuli were displayed on a 20 X 24 in. 
unpainted Masonite turntable divided into 
two 20X12 in. sections by a 12-in.-high 
unpainted Masonite screen. One section con- 
tained two l-in. diameter holes backed with 
white oilcloth that were located 6 in. from 
the screen and were separated by 8} in. 

Procedure.—In training, the same stimulus 
pair was used on every trial The two 
stimuli were presented simultaneously with 
each block placed over one of the holes in 
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TABLE 1 
TRAINING AND TEsT SETS 


Area reg BAD r Spa bor 

en Train- 

Factor | simuli | Stimuli | ing and Test 
1.4 1-2 2-3 1 
34 2 
4-5 3 
5-6 4 
1.96 1-3 3-5 1 
5-T 2 
1-9 3 
9-11 4 


the table, and the chip located in the hole 
under the larger block. The S was told that 
the chip would be hidden in the hole under 
one of the blocks and that the task was to 
find the chip on every trial Criterion was 
five successive choices of the large stimulus. 

Upon attainment of criterion, the test was 
substituted for the training set, chips were 
placed under both blocks, and each S was 
given 10 test trials. The S' was not informed 
of any change in the set, In both training 
and test, the positions of the larger and 
smaller blocks were varied randomly from 
trial to trial. The placement of stimuli and 
chips was accomplished with the table turned 
so that the screen was interposed between S 
and the blocks. A noncorrection procedure 
was used throughout the experiment. 

Following the test trials, the ability of S 
to verbalize the relationships of large and 
small was ascertained. The E pointed to 
each block of the test set and asked $ what 
it was called. 

Experimental groups.—When sets were 
composed of stimuli of adjacent numbers 
(eg, 1-2), the within-set stimulus differ- 
ence was described by an area factor of 
14:1. When sets were composed of stimuli 
of alternate numbers (e.g., 1-3), the within- 
set difference was 1.96:1. Four groups were 
trained with Set 1-2, and four were trained 
with Set 1-3. Each of these groups received 
one test that was from one to four steps 
larger than the training set. The specific 
training and test combinations for the eight 
groups are shown in Table 1. 


RESULTS 


Training. —Thirteen Ss failed to at- 
tain criterion with Set 1-2 within 40 
trials and were dropped from the ex- 
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PERCENT TRANSPOSITION 


I—ATRIAL | 
9—9 TRIALS 1-5 
O--OTRIALS 6-19 


STEPS 


Fie. 1, Percentage of transposition on the 
first test trial and mean percentage of trans- 
position in Trials 1-5 and 6-10. (Data are 
shown separately for training and test sets 
with the intrapair area factor of 1.4:1 and 
1.96:1.) 


periment. Analysis of variance showed 
that the four groups that received each 
training set did not differ among them- 
selves in the trials required to reach 
criterion (p > .10 in both cases). The 
combined mean trials to criterion, in- 
cluding the five criterion trials, was 
18.8 for the groups trained with Set 
1-2 and 9.28 for the groups trained 
with Set 1-3. The difference between 
these means was significant, #(62) = 
5.7, p < .001. 

Transposition test.—The test data 
were analyzed in terms of response on 
the first test trial, all 10 test trials, and 
each block of 5 trials. The percent- 
age of Ss that transposed on the first 
trial and the mean percentage of trans- 
position in each block of 5 trials are 
shown in Fig. 1. 

There was significant transposition 
on the first trial for all groups trained 
with Set 1-3 and for the group tested 
at one step after training with Set 1-2, 
x? (1) > 3.84, p < 05. Transposition 


was more frequent in the 10 trials with 
the sets that had an area factor of 1.96 
than with those that had an area fac- 
tor of 1.4, F (1, 56) = 13.06, p < .01. 
More transposition occurred in Trials 
6-10 than in Trials 1-5, F (1, 56) = 
7.26, p <.01. Duncan's multiple-range 
test showed that the interaction be- 
tween the area factor of the training 
and test sets and the distance of the 
training from the test set, F (3, 56) — 
3.35, p < .05, was due to the fact that 
there was no difference in the fre- 
quency of transposition between the 
four groups trained with Set 1-3. 
However, after training with Set 1-2, 
there was more transposition at one or 
two steps than at either three or four 
steps (p < .05). 

All of the children verbalized the re- 
lationships of large and small. The in- 
cidence of spontaneous verbalization in 
the course of either training or test was 
limited. In the few instances that such 
behavior did occur, it was uncorrelated 
with choice in test. 


Discussion 


The measures of stimulus preference in 
test all revealed that the shape of the 
transposition gradient differed as a func- 
tion of the magnitude of the within- 
pair differences, Intrapair differences de- 
scribed by an area factor of 1.96:1 
produced uniform transposition, while 
within-pair differences of 1.4:1 resulted 
in a progressive decrease in transposi- 
tion as the difference between the training 
and the test sets was increased. With 
either level of intrapair similarity, trans- 
position increased over blocks of test 
trials. This phenomenon was reported 
previously with both rats and 3-yr.-old 
children as Ss (Alberts & Ehrenfreund, 
1951; Kendler, 1950). 

The area ratios used by Kuenne (1946) 
and Alberts and Ehrenfreund were 1.8:1 
and 2:1, respectively. With the nearly 
equivalent ratio of 1.96:1, the current 
study replicated the flat transposition 
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gradient of the earlier experiments. How- 
ever, the decreasing transposition gradi- 
ent obtained with stimuli that differed by 
an area factor of 1.4:1 was a phenomenon 
that has been considered typical of pre- 
verbal organisms rather than of 4- and 
5-yr-old children capable of verbalizing 
the relevant concept. 

There was a parallel between the pat- 
tern of test choice and the speed of at- 
tainment of criterion in the current and 
the Kuenne and Alberts and Ehrenfreund 
investigations. While the training set 
with the larger intrapair difference was 
learned faster than the set with the 
smaller difference in the current experi- 
ment, Kuenne and Alberts and Ehren- 
freund found that the 4- and 5-yr.-old 
children learned the same discrimination 
faster than the 3-yr.-old Ss. In all three 
experiments, the groups that learned the 
training problem more rapidly always 
transposed, while those that learned more 
slowly showed the decreasing gradient of 
transposition. 

An understanding of the processes in- 
volved in transposition studies requires 
specification of the conditions under 
which the two transposition gradients 
occur. Since slower learning produced 
the decreasing gradient expected in trans- 
fer mediated by absolute stimulus proper- 
ties (James, 1953; Spence, 1937), while 
faster learning revealed the flat gradient 
of uniform transposition indicative of a 
relational discrimination, learning speed 
is an important variable. The role of 
verbalization is ambiguous. Both the 
current study and that of Rudel (1958), 
together with studies of the intermediate 


579 


size problem, found that verbalization 
did not appear to be relevant to transfer. 
However, it is an open issue as to whether 
relational learning can occur in the ab- 
sence of verbalization, or whether it re- 
quires an interaction of the processes that 
determine the difficulty of a discrimina- 
tion with verbal ability. 


REFERENCES 


ALBERTS, E, & EHRENFREUND, D. Trans- 
position in children as a function of age. 
J. exp. Psychol., 1951, 41, 30-38. 

James, H. An application of Helson’s theory 
of adaptation level to the problem of trans- 
position. Psychol. Rev., 1953, 60, 345-352. 

KENDLER, T. S. An experimental investiga- 
tion of transposition as a function of the 
difference between training and test stimuli. 
J. exp. Psychol., 1950, 40, 552-562. 

Kuenne, M. R. Experimental investigation 
of the relation of language to transposition 
behavior in young children. J. exp. Psy- 
chol., 1946, 36, 471-490. 

Ruoet, R. G. Transposition of response to 
size in children. J. comp. physiol. Psychol., 
1958, 51, 386-390. 

Spence, K. W. The differential response in 
animals to stimuli varying within a single 
dimension. Psychol. Rev., 1937, 44, 365- 
370. 

Zemer M. D. The ratio theory of inter- 
mediate size discrimination. Psychol. Rev., 
1963, 70, 516-533. 

ZEILER, M. D. Transposition in adults with 
simultaneous and successive stimulus pres- 
entation. J. exp. Psychol., 1964, 68, 103- 
107. 

Zener, M. D, & Garner, A. M. Inter- 
mediate size discrimination in seven- and 
eight-year-old children. J. exp. Psychol., 
1966, 71, 203-207. 


(Received November 19, 1964) 


Journal of Experimental Psychology 
1966, Vol. 71, No. 4, 580-586 


WHAT HAPPENS TO THE STIMULUS IN 
BACKWARD MASKING?* 


JOHN H. THOMPSON 


Gonzaga University 


4 propositions generated from a luminance summation-contrast reduc- 
tion hypothesis advanced to account for backward masking were tested. 
4 Ss identified stimulus letters of A, T, and U over several conditions. 
A stimulus with a high contrast ratio was followed by 1 of 4 
luminances in a homogeneous second field, after 1 of 6 delay periods. 
Ss also responded to 4 sets of stimuli with different contrast ratios, 
with pre- and postexposure fields dark. The data supported 4 hy- 
potheses: (a) Masking effects are proportional to masking field 
luminance. (b) Masking effects decrease with an increase in time 
separation between the stimulus and masking fields. (c) Resultant 
contrast ratios from summated stimuli can be predicted and should 
produce the same recognition accuracy as single stimuli with equivalent 
contrast ratios. (d) Time-intensity reciprocities exist when recogni- 
tion accuracy is plotted, within limits expected from CFF data and 
other summation studies. The theory that backward masking can be 
accounted for by a luminance summation-contrast reduction process 


receives extremely strong support from the present study. 


Eriksen and Hoffman (1963) and 
Eriksen and Steffy (1964) have ad- 
vanced a luminance summation-con- 
trast reduction hypothesis to account 
for the impaired recognition of briefly 
presented forms when they are fol- 
lowed at delay intervals under 100 
msec. by a second stimulus field. Spe- 
Cifically the hypothesis assumes that 
the visual system summates the light 
from stimulus presentations that are 
separated by short delays, with the 
amount of summation being inversely 
proportional to the delay. They cite 
as an example a first stimulus field 
containing a black figure on a white 
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ground in which the ground reflects 
100 footlamberts (ftl.) and the figure 
10 ftl., yielding a contrast ratio of 10:1. 
Tf this first stimulus field is followed 
immediately by a second white field 
reflecting 100 ftl., the effect upon rec- 
ognition of the first form would be es- 
sentially the same as though it had 
been presented with a contrast ratio of 
less than 2:1. Assuming perfect sum- 
mation at 0 delay, the part of the visual 
system that had received 100 ftl. from 
the ground in the first stimulus has an 
additional 100 ftl. added from the lumi- 
nance of the second stimulus. How- 
ever, since the figure is not present in 
the second stimulation, those parts of 
the visual system that previously re- 
ceived the 10-ftl. reflectance from the 
figure have an additional 100 ftl. added 
to them. The resulting effect is that of 
a stimulus with 200 ftl. on the ground, 
and 110 ftl. on the figure, or a contrast 
ratio of less than 2:1. 

While the luminance summation may 
not be complete even at 0 delay, com- 
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plete summation is not necessary for 
the contrast reduction effect as long as 
the delay time between fields is within 
the range where summation can occur. 
The effect is also not limited to ar- 
rangements where an illuminated field 
follows a stimulus field. Summation 
would be expected to be symmetrical 
and would therefore occur under cir- 
cumstances where an illuminated field 
preceded the stimulus or figure field. 
In addition, it would also be expected 
to occur when the successive fields both 
contain figures. In this latter case the 
effect upon recognition would be de- 
termined by the pattern of overlap of 
succeeding figures. With no overlap 
the effects would be the-same as that 
obtained for a blank illuminated field 
preceding or following a field contain- 
ing a black stimulus. In the case of 
overlap, as in Sperling's work (1963), 
the parts of the figure superimposed 
upon each other would maintain essen- 
tially original contrast, but the non- 
overlapping parts would suffer the con- 
trast reduction. 

Eriksen and Hoffman (1963) and 
Eriksen and Steffy (1964) have pointed’ 
out that the luminance summation-con- 
trast reduction effect can explain cer- 
tain of the backward masking phe- 
nomena in vision such as have been 
reported by Kolers (1962). More spe- 
cifically the effect has an explanation 
for what Sperling (1963) has termed 
erasure of short-term visual informa- 
tion storage. Sperling (1960, 1963) 
has interpreted his data as indicating 
that the visual perceptual system has 
a brief information storage lasting for 
less than 4 sec. after termination of the 
stimulus. He has shown that this in- 
formation storage is eliminated if the 
stimulus display is followed immedi- 
ately after termination by an infor- 
mationless homogeneously illuminated 
field or a noise field consisting of letters 
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which overlap at various angles. Erik- 
sen and Steffy (1964) have pointed 
out that in terms of a luminance sum- 
mation hypothesis, Sperling's inter- 
pretation of this effect as the erasure 
of information or memory is semanti- 
cally incorrect, If the impaired recog- 
nition of the display is due to luminance 
summation with resulting contrast re- 
duction, then the loss in performance 
is due to the presentation of the stimu- 
lus display with insufficient contrast to 
be adequately perceived. 

There are considerable data that sup- 
port a luminance summation-contrast 
reduction hypothesis in addition to the 
data reported by Eriksen and Hoffman 
(1963) and Eriksen and Steffy (1964). 
Several studies have shown a temporal 
luminance summation in a detection 
situation. Granit and Davis (1931) 
found that a flash of light which was 
not detectable when presented in a 
single flash became detectable on a 
second presentation separated at a very 
short lag time. More recently Clark 
and Blackwell (1959) found that de- 
tection of successive light flashes was 
better than would have been predicted 
from a probability summation model 
when time lags between the two stimuli 
were under 100 msec. Matin (1962) 
has shown that binocular luminance 
summation can be obtained when lag 
times between stimuli presented sepa- 
rately to each eye are below 100 msec. 
The probability of detection. in this 
case was found to be greater than 
would have been expected if the eyes 
were independent detectors. 

Other evidence from CFF techniques 
lends further support to the phenome- 
non of luminance summation. Bartley's 
(1941) work on luminance enhance- 
ment shows that when the rate of a 
flickering light is lowered below CFF 
the light appears to be brighter than in 
the fused state. The neural excitation 
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of flicker fusion must be summed or 
averaged over the light and dark phase. 
The Talbot-Plateau Law which relates 
the luminance of a fused field to the 
ratio of light to dark in cyclic stimula- 
tion also suggests that temporal sum- 
mation is taking place. Actual record- 
ings of impulses in a retinal ganglion 
cell have been made by Dodt and En- 
roth (1953) who found that as fre- 
quency of stimulation was increased, 
on and off discharges were observed 
to fuse. When stimulation frequency 
reached fusion, the rate of firing de- 
creased, indicating a summation effect 
that occurs at and after fusion. 

While evidence is quite clear in indi- 
cating a temporal luminance summa- 
tion in the visual system, quantitative 
assessments or measurements of its ef- 
fect in terms of a recognition measure 
are lacking. It was the purpose of the 
present experiment to test the follow- 
ing hypotheses derived from the theory 
that figure-ground contrast ratio is re- 
duced by the summating of luminance 
from a second field with the luminance 
of a first field, resulting in a decrement 
in percentage of correct recognition of 
forms presented in the first field: (a) 
Masking effects will be proportional to 
the luminance in the masking field with 
lower luminance producing less effect. 
(5) The masking effect will decrease 
with an increase in the lag time be- 
tween the stimulus field and the mask- 
ing field. (c) Summation of the mask- 
ing field with the stimulus field should 
produce a resultant contrast ratio for 
the stimulus complex that is predict- 
able. The percentage of recognition of 
such stimuli should be equal to the per- 
centage of recognition on single non- 
masked stimuli having the same con- 
trast ratio as the summated stimulus 
presentation. (d) A time-intensity re- 
ciprocity should be evident at shorter 


delays between stimulus and masking 
field. 


METHOD 


Subjects —Four advanced graduate stu- 
dents at the University of Illinois were paid 
to serve as Ss, Each S served a minimum 
of 19 l-hr. sessions, three sessions for ob- 
taining stable base levels of recognition, and 
giving S practice in making discriminations, 
and 16 sessions during which the experi- 
mental data were obtained. If S still ap- 
peared to be improving his performance after 
three sessions, additional sessions were run 
until S was stable over two sessions. 

Apparatus—The apparatus used was a 
three-field tachistoscope, Model GA, and its 
control unit, built by Scientific Prototype 
Manufacturing Corporation. The control 
unit provided for switching and timing stimu- 
lus fields in the manner required, and for 
adjusting the luminances of the fields. For 
the first stimulus field (FI) the luminance 
was .200 ftl. and was constant for all condi- 
tions. Four levels of luminance were used 
for the second stimulus field (FII), .200, 
-102, .067, and .040 ftl. The third field (F), 
was used as a fixation field and was dark, 
except for a dim X in the center which 
served as a fixation point. A pistol grip 
with a microswitch trigger was provided for 
S, so he could start the stimulus sequence 
when he was accurately fixated on the X. 

Stimulus materials.—Three letters, A, T, 
and U, were used as the stimuli presented in 
FI. These stimuli have approximately equal 
probabilities of recognition when presented 
tachistoscopically and the errors are sym- 
metrically distributed between alternatives 
(Eriksen and Hoffman, 1963). To assure 
S’s fixation upon the X, and decrease the 
possibility of asymmetric fixation changes 
altering recognition probability, four stimu- 
lus positions were used. A letter appeared 
in the upper right, upper left, lower right, 
and lower left quadrant, just outside the X. 
The area covered by all four positions oc- 
cupied approximately 1? of visual angle, and 
thus all stimuli fell within the fovea. 

Four sets of 12 stimuli (three letters X 
four positions) were constructed with dif- 
ferent contrast ratios. The background lumi- 
nance was the same for all stimuli, .200 ftl. 
The darkest letters were made by lettering 
on a white vinyl plastic card with India ink, 
using the No. 3 pen and the 200CL template 
of a Leroy lettering set. The luminance of 
the ink under standard conditions was diffi- 
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cult to measure accurately, but was less than 
.01 ftl, yielding a contrast ratio of at least 
20:1. The letters in the remaining sets were 
.040, .067, and .102 ftl, with resulting con- 
trast ratios of 5:1, 3:1, and 2:1. The other 
three sets were made by photographing A, T, 
and U from the first set and varying printing 
exposure time. Kodalith negatives were used 
and were stripped on regular goldenrod 
flats so register could be closely maintained. 
Prints were made on Kodak Polycontrast 
paper in G surface, since this paper returned 
a luminance under standard conditions equal 
to the vinyl sheets used for the high contrast 
stimuli. A strip of paper on the end of each 
print was exposed with the letter so that 
measurements could be compared later with 
a Macbeth illuminometer to a standard lumi- 
nance. Processing was done in a tempera- 
ture controlled sink in a graphic arts dark 
room. For this application Dektol developer 
was cooled to 62° and the development time 
lengthened to 23 min. to minimize small 
variations in contrast which could result from 
differences in processing time. 

Letter order and letter position were ran- 
domized over blocks of 100 trials with the 
restriction that not more than four of any 
letter could appear in a block of 10 trials. 
Six sequences of 100 trials were obtained so 
each S repeated the same order about three 
times during the study. 

Procedure—In the first few sessions, Ss 
fixated on the X in F, pressed the button 
triggering FI, and then gave a verbal report 
indicating which letter was seen. Exposure 
time of FI was adjusted until each S was 
identifying between 90 and 100% of the let- 
ters correctly. These values were as fol- 
lows: For S1, 18.0 msec.; $2, 18.5 msec.; 
S3, 17.0 msec.; and for $4, 19.0 msec. The 
20:1 stimulus set was used in the base-level 
sessions, Trials were run in blocks of 10 
with a 20-40 sec. rest period after odd-num- 
bered blocks to allow E to make equipment 
changes and a 1-2 min. rest period after even- 
numbered blocks. The Ss sat for at least 5 
min. in the darkened experimental room, and 
at least one block of warm-up trials was 
given S at the start of each session to allow 
S to readapt and to make a rough check on 
base level. 

After the base-level data was obtained, Ss 
were run in 16 experimental sessions where 
data were obtained under two different con- 
ditions, In Cond. I, S fixated on the X, 
pressed the trigger, FI containing a letter 
from a 20:1 contrast ratio set flashed for 
the predetermined base-level duration, then 


a variable dark period occurred for one of 
six intervals, 0, 5, 10, 25, 50, or 75 msec. 
Then FII flashed for a constant 100 msec. 
with one of the four previously given lumi- 
nances and upon its termination F returned 
to S’s view. The FII always contained a 
homogeneous field of uniform luminance with 
no figure. Luminance of FII was constant 
within a session and was varied over sessions 
by a modified Latin-square method for each 
S. In addition to trials under Cond. I, trials 
were given under Cond. II using the four 
sets of stimuli with contrast ratios of 20:1, 
5:1, 3:1, and 2:1. On Cond. II trials expo- 
sure of the stimulus in FI was not followed 
by a luminance in FII. Instead, upon ter- 
mination of the stimulus S’s field of view 
reverted to the dark adapting field F. Data 
were collected under each condition at each 
session, providing a total of 1200 trials for 
the luminance X delay conditions and 400 
trials for the four sets of stimuli with dif- 
ferent contrast ratios. For all trials where 
FI and FII were flashed the 20:1 stimuli 
were used in FI. 


RESULTS 


To assess the effects of delay and 
luminance of the second field flash 
upon recognition accuracy, a three-way 
analysis of variance (luminance level, 
delays, and Ss) was performed upon 
the number of correct responses. Table 
1 contains a summary of this analysis. 
The main effects for luminance and for 
delay are highly significant as are also 
the interactions of Luminance X Delay 
and Luminance X Ss. The main effect 
for S differences did not reach signifi- 


TABLE 1 


SUMMARY OF ANALYSIS OF VARIANCE 
on Correct IDENTIFICATIONS 


Source df MS F 
Luminance 3 152.6 381m7 
Delay 5 166.0 138.3%" 
Ss 3 P — 
Lx D 15 12:3 30.8*** 
L X Ss 9 40 aoe 
D X Ss 15 1.2 1.4 
LXDXSs 45 A — 
Error 384 .88 

* > « 001. 
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SECOND FIELD LUMINANCE 


-SECOND FIELD LUMINANCE , 
— —À 039 APPARENT FT. CANDLES 
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Fic. 1. Interaction of delay and second field 
luminance summed over Ss. 


cance; this finding was anticipated 
since the exposure duration of the 
forms was adjusted prior to the experi- 
mental sessions, so that each S had 
reached approximately a 90% accuracy 
criterion. 

In Fig. 1, percentage of correct rec- 
ognitions are plotted as a function of 
delay and second field luminance. As 
can be seen, at any delay interval the 
greater the luminance of the second 
field, the greater the impairment of rec- 
ognition of form presented in the first 
field. Also, for all four luminance lev- 
els, as the delay or dark interval be- 
tween termination of the form pre- 
sented in FI and the luminance in FII 
is increased, there is a monotonic in- 
crease in recognition of the form. The 
curves for all four luminance levels sug- 
gests that an asymptote is approached 
at delay intervals between 50 and 75 
msec. 

The significant Luminance X S in- 
teraction was examined in order to de- 
termine what limitations it might place 
upon the interpretation of the average 
data presented in Fig. 1. In Fig. 2, 
percentage of correct recognitions are 
plotted as a function of the different 
luminance levels of the second field and 
as a function of Ss. All four Ss show 


an increase in recognition accuracy 
with a decrease in the luminance of the 
second field. The interaction is seen to 
consist of a difference in rate of gain 
between Ss in terms of recognition ac- 
curacy as the luminance of the second 
field decreases. 

The data in Fig. 1 are consistent 
with a temporal luminance summation 
effect which becomes progressively less 
with increasing delay. That this lumi- 
nance summation affects form recog- 
nition by reduction of the figure- 
ground contrast is shown in the fol- 
lowing data analysis. As will be 
recalled, during each experimental ses- 
sion data were collected on the recog- 
nition accuracy for four sets of stimuli 
having contrast ratios of 2:1, 3:1, 5:1, 
and 20:1. These forms with the vari- 
ous contrast ratios were presented for 
the same exposure duration as was em- 
ployed for the other stimuli, but were 
followed by a return to the dark adapta- 
tion field rather than a flash of light in 
the second stimulus field. In Fig. 3 the 
percentage of correct recognitions of 
these forms are plotted as a function 
of their contrast ratio. Figure 3 also 
contains the data points for those stim- 
uli with 20:1 contrast ratio that were 
followed by a second field luminance 
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summed over delays. 
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Fic. 3. Means and standard deviations of 
single stimulus and summated stimulus pres- 
entations. 


at 0 delay. In computing the contrast 
ratio for these data points the assump- 
tion was made that luminance summa- 
tion was complete when the form pre- 
sented in FI was followed at 0 delay 
by the luminance in FIT. Luminances 
were added directly as in the example 
given previously. Due to the nontem- 
poral overlap of these two fields, the 
assumption is probably not quite cor- 
rect and will lead to a slight underesti- 
mation of the actual contrast ratio. 
Nonetheless, as can be seen in Fig. 3, 
the correspondence between the con- 
trast ratios computed by means of this 
assumption and those obtained for 
stimuli of known contrast values is 
quite good. What slight departures 
there are of the computed contrast ratio 
values from the curve fitted to the 
points obtained from known contrast 
ratios are well within the standard de- 
viations of these points. A range of 1 
SD on either side of the data points is 
indicated in Fig. 3 by the dashed and 
solid vertical lines. 


Discussion 


From the results of this study it is 
clear that luminance summation is a pri- 
mary causal factor in the decrement in 
Performance in backward masking. The 


- proximation of the empirical data. 
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contrast reduction hypothesis proposed 
initially by Eriksen and Hoffman (1963) 
is strongly supported by this research and 
appears to provide an extremely close ap- 
Ac- 
cording to Sperling’s (1960) hypothesis 
about erasure, perception time or storage 
would have to be extremely short, but 
perception time is longer than stimulus 
duration which allows for a summation 
process to take place. 

The proposals presented at the begin- 
ning of this report, which were generated 
from the luminance summation-contrast 
reduction hypothesis, were all substanti- 
ated. Masking effects were proportional 
to the masking field luminance with 
higher luminances producing a greater 
decrement in recognition accuracy, as 
predicted in Proposal a and illustrated 
in Fig. 1. Proposal b is also supported 
by the data in Fig. 1, since the increase in 
lag time between FI and FII produced a 
monotonic improvement in recognition ac- 
curacy regardless of luminance. Proposal 
c, the most important one for the test of 
the luminance summation-contrast reduc- 
tion hypothesis, is substantiated by the 
data presented in Fig. 3. Single stimulus 
presentations with contrast ratios of 2:1, 
3:1, 5:1 and approximately 20:1 pro- 
duce a curve that closely approximates the 
data collected under Cond. I, where the 
20:1 stimuli were followed by FIT at 0- 
msec. delay. In other words, luminance 
summation through contrast reduction 
produces data which are indistinguishable 
from a single stimulus with a contrast ra- 
tio equal to the calculated contrast ratio of 
the summated stimulus complex. The 
time-luminance reciprocity predicted by 
Proposal d is supported by Fig. 1. Manip- 
ulations of either time or luminance can 
result in the same recognition accuracy 
performance and these reciprocities are 
nearly identical to findings in other stud- 
ies on summation, In addition, if the 
backward masking effect is due to lumi- 
nance summation, it should occur whether 
the masking field is presented before or 
after the stimulus field. In the study by 
Eriksen and Hoffman (1963) such a con- 
dition was employed. The recognition 
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accuracy of stimuli following a bright 
flash was close to that obtained when the 
masking flash came after the stimulus. 
At short delays of 0 or 5 msec., with dark 
pre- and postexposure fields, the decre- 
ment was identical for both types of pres- 
entation. Such a finding rules out an 
erasure effect upon memory, since some- 
thing not yet presented can hardly be 
erased from storage. 

In addition to substantiating the pro- 
posals which were tested, this research 
points out a new technique for assessing 
quantitatively the degree of summation 
taking place between two stimulus fields. 
With recognition accuracy established for 
single stimulus conditions, the second 
stimulus may be added at O-msec. delay 
and the recognition accuracy observed. 
The point on the curve described by sin- 
gle stimulus presentations with different 
contrast ratios which corresponds to the 
observed recognition accuracy will indi- 
cate the contrast ratio of the summated 
complex. Since the original contrast 
ratio was known, and the summated con- 
trast ratio can be observed, the amount 
of luminance added to the first stimulus 
can be computed. 

Although luminance summation ex- 
plains the process involved in Sperling's 
erasure of memory, and does so in a 
much more parsimonious manner, there is 
another body of backward masking data 
that seems to have part of its origin in 
another process. Work by Alpern (1953), 
Averbach and Coriell (1961), Kolers and 
Rosner (1960), and Werner (1935) does 
not fit the luminance theory, either be- 
cause of the time lags over which maxi- 
mal effects were found, or because of the 
luminances used in pre- and postexposure 
fields. Kolers’ (1962) study has pro- 
duced some effects which seem directly 
attributable to the summation of lumi- 
nances, but has also produced curvilinear 
functions with which it is difficult to deal. 
For lower luminances and with dark pre- 
and postexposure fields, however, lumi- 
nance summation is an extremely potent 
variable. 


JOHN H. THOMPSON 
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Risk preferences of 9 groups which differed in their previous rein- 
forcement histories were compared. 2 components of the reinforcement 
histories were manipulated in a factorial design: (a) the amount of 
money won or lost; and (b) the ratio of number of wins to number 
of losses. The amount of money won or lost was not significantly 
related to any of the 3 indicators of risk preference: probability, 
variance, and potential winnings. Groups differing in their ratio of 
wins to losses differed significantly in their preferences as measured 
by probability and potential winnings, but did not differ in their 
variance preferences. The group which had an equal number of wins 
and losses tended to be more conservative than the groups which had 
high or low reinforcement ratios. An interpretation suggesting differ- 
ential biases in subjective probability is offered to explain the results. 


Investigations of gambling and risk- 
taking behavior have failed to yield 
significant relationships between an in- 
dividual’s pattern of choices among 
risky alternatives and the sequence of 
outcomes preceding these choices. Ed- 
wards (1962), summarizing the findings 
of his previous research on probability 
and variance preferences, concluded 
that an individual's choice among gam- 
bles is essentially independent of the 
amount of money won or lost on previ- 
ous trials. He pointed out that, while 
the amount of losses required to affect 
subsequent choices is somewhat less 
than the amount of winnings required, 
both values are “substantial.” Slovic, 
Lichtenstein, and Edwards (1965), 
investigating the differences between 
make-believe sessions and gambling for 


1 This research was supported in part by a 
grant from the National Science Foundation 
(GB 2345) to the first author while he was 
at the University of Minnesota, and by a 
grant to the second author from the Graduate 
School, University of Minnesota. 


real money, also found that betting be- 
havior apparently is unaffected by past 
payoff history. Lichtenstein (1965), 
comparing the expected value, vari- 
ance, skewness, and kurtosis of gam- 
bles as predictors of choices, found that 
S’s behavior was uncorrelated with the 
amount of money won or lost either on 
all sessions, within a single session, or 
on the previous three gambles. 

The above findings imply that choice 
behavior is independent of the out- 
comes of preceding decisions. Yet im- 
pressions obtained while observing peo- 
ple engaged in such activities as play- 
ing poker, shooting craps, betting on 
horses, etc., seem to indicate that risk- 
taking behavior is influenced by prior 
reinforcement history. The only data 
supporting these impressions appear in 
a comprehensive analysis of pari-mu- 
tuel betting by McGlothlin (1956) in 
which he found some indication that 
losing bettors increase the size of their 
wagers more than winning bettors. 
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The apparent conflict between these 
observations and the studies reviewed 
above indicates a need for further in- 
vestigations in this area. 

The present study was specifically 
designed to investigate the effects of 
an individual's short-term reinforce- 
ment history upon his subsequent 
choices among risky alternatives. Two 
components of this history were ma- 
nipulated: (a) the amount of money 
won or lost; (b) the ratio of number 
of successful outcomes to number of 
unsuccessful outcomes. In prior stud- 
ies these two variables have been con- 
founded because of their inherent asso- 
ciation; the design of the present ex- 
periment permitted their independent 
variation. 


METHOD 


Subjects.—Subjects were 132 paid male 
volunteers enrolled at the University of Min- 
nesota. 

Design and procedure.—The Ss received 
a 4X5 “bingo card” containing the numbers 
1-20. Each number was enclosed within a 
circle, shaded area, or white area. Circled 
numbers were designated as winners, num- 
bers in a white area designated as losers, 
while numbers in shaded areas represented 
ties. Each card was “fair,” comprising nine 
circled, nine white, and two shaded areas. 
Nine different cards, which varied according 
to the numbers specified as winners and 
losers, were employed. These cards were 
randomly distributed among the 132 Ss, who 
were run in a single 1-hr. session. 

There were nine groups of Ss correspond- 
ing to the nine different cards. The groups 
varied on the ratio of wins to losses: 8-1, 
4-4-1, and 1-8, hereafter denoted high (H), 
medium (M), and low (L), respectively, 
and according to the amount won or lost: 
$1.20, $0.00, and —$1.20, hereafter denoted 
win (W), even (E), or lose (L’), respec- 
tively. The three reinforcement ratios were 
paired with the three financial outcomes, 
yielding a 3 X 3 factorial design. 

A stooge seated among the Ss was chosen 
to draw numbers randomly from a box sup- 
posedly containing the numbers 1-20. The 
stooge went through the procedure of draw- 
ing a single number with replacement for 
each of nine trials. However, he actually 
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read off a predetermined sequence of num- 
bers. On each draw the potential winnings 
were equal to the potential losses. Table 1 
presents the stakes and outcomes of each 
draw for the nine experimental groups. 

Following the ninth draw Ss were in- 
formed that the next draw would be the final 
one, and that they would have a choice 
among a set of alternative bets (Bet 1). 
The Ss were presented with a set of 20 bets 
labeled A through T. Bet A was that the 
number 1 would be selected, and the potential 
winnings were $1.90. Bet B designated the 
numbers 1 and 2 as winners, and the payoff 
was $90. Bet C designated 1, 2, and 3 as 
winners, with an opportunity to win $.57, etc. 
Each bet had a potential loss of $.10, and an 
expected value (E) of 0. The probabilities 
of winning ranged from 1/20 for A to 20/20 
for T, which had a payoff of 0. The 20 
possible bets were listed in a column, and 
Ss recorded the letter corresponding to their 
choice. 

After making their selection Ss were told 
that they could now vary the amount of their 
bet. On this new bet (Bet 2) it was pos- 
sible to increase the amount of winnings and 
losses by multiples of 2, 3, 4, or 5. The 
greatest possible amount of winnings was 
therefore $9.50 and the greatest possible loss 
was $.50. The Ss were not constrained by 
their choice on Bet 1; they were allowed to 
choose any of the 100 (20 p values X5 
amounts of winnings and losses) alternative 
bets. The Ss were informed that this bet, 
which included all the alternatives from Bet 
1, was their final bet and superceded the 
previous selection. The bets were listed in 
a 20X5 matrix, and Ss recorded the row 
letter and column number corresponding to 
their choice. Again the E of all bets was 0. 

After selecting the bet, Ss checked what 
"they thought their chances of winning were" 
on a vertical line, which was divided into 100 
units and numbered every fifth unit. 

f The bingo card, selections for Bet 1, selec- 
tions for Bet 2, and probability scale were 
presented in a four-page booklet. Payment 
of $1.00 for S's participation was clipped to 
the booklet. To increase the real-life atmos- 
phere of the experiment Ss initially were in- 
formed that money was at stake and that 
those who did not want to participate could 
leave. During the experiment Ss were re- 
quired to record the outcome and the cumula- 
tive total of winnings or losses after each 
draw. This made salient their current finan- 
cial status and enabled the investigators to 
determine whether Ss had correctly perceived 


REINFORCEMENT HISTORY AND RISK-TAKING 


589 


TABLE 1 
REINFORCEMENT HISTORIES FOR THE NINE EXPERIMENTAL GROUPS 


Group 
HW HE HL' MW | ME ML’ W EL! 
Day (N =12) | (N =14) | (N =14) | (N —14 | (N =15) | (N =13) | (N =12) | (N =13) | (N =13) 
S* Ob ois d0! Suo! "ST: 13 0| s. 9| s 04 ‘S80 
1 $10 W| $10 W W|$10 L|$10 L |$10 L |$10 L| $10 L | $10 L 
2 $10 W|$10 W w| $10 W| $10 W|$10 W|$10 L| $10 L | $10 L 
3 $10 W wW W|$10 L|$10 W|$10 W| $10 L | $10 L | $10 L 
4 $10 W| $10 W w| $10 L|$10 L | $10 L| $10 L | $10 L | $10 L 
5 $60 W| $80 L L |si.30 W| $10 T |$1.30 L |$2.00 W| $80 W| $60 L 
6 $10 L | $10 W w|s$i0 T|$10 W|$10 T |$10 L| $10 L | $10 W 
7 $10 W|S$10 W W|$10 W|$10 L|$10 W|$10 L | $10 E |$10 L 
8 $10 W|$10 W W|$10 L|$10 L |$10 L |$10 L | $10 L | $10 L 
9 $10 W | $10 W w| $10 W| $10 W|$10 W| $10 L| $10 L | $10 L 
P 
No. wins 8 8 8 4 4 4 1 1 1 
No. losses 1 1 1 4 4 4 8 8 8 
No. ties 0 0 0 1 1 1 0 0 0 
Amt. 
‘orlost | $1.20 | —s0.00 | —$1.20 | $120 | $000 | —$120 | $120 $0.00 | —$1.20 


Note.—Entries of W, L, and T indicate win, loss, and tie, respectively. 


a Stake. 
b Outcome. 


the outcomes of the draws. Twelve Ss in- 
terpreted the draws incorrectly or made 
arithmetical errors; these Ss were elimi- 
nated from the data analysis. After all the 
data were obtained, $s were informed of the 
true nature of the experiment. The Ss' re- 
actions after each draw and following the 
explanation strongly indicated that they were 
involved in the game and unaware of the 
predetermined nature of its outcome. 


RESULTS 


Bet 1.—In a two-outcome gamble 
the expected value and variance are 
expressed as: 


E = pa qb [1] 

V = pq(a — b)? [2] 

where ? is the probability of winning a 
and q is the probability of winning b. 
Since E — 0 for all bets and b = — 
$.10, the following relationships were 


obtained for Bet 1 among the risk pa- 
rameters V, p, and a: 


V=q/100p=a/l0 — [3] 


Thus probability and variance were 
monotonically related by a hyperbolic 
function, and variance and amount to 


win differed only in their unit of meas- 
urement. 

Owing to multimodal distributions, 
lack of homogeneity of variance, and 
unequal cell frequencies, nonparametric 
methods for treating the data were em- 
ployed. While these considerations 
alone do not dictate the use of non- 
parametric measures since the F test is 
now known to be quite robust, the fact 
that the difference in variance between 
Bets A and B was greater than that 
between Bets B and T offered further 
support for a rank-order transforma- 
tion on the scale. Since the rank-orders 
for the three risk parameters are identi- 
cal only one dependent variable was 
treated for Bet 1. 

'The mean ranks for the nine rein- 
forcement groups are plotted in Fig. 
1;? high values indicate choices of 
more risky gambles. Figure 1 indicates 
that Group M preferred gambles with 


?Since the statistical analyses were per- 
formed on the transformed scale, ranks are 
plotted in the figures. Plots of the untrans- 
formed variables are less regular, but yield 
approximately the same results. 
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MEAN RANK: V, p, 
è n9 


$ 


wo E 
AMOUNT WON OR LOST 


Fic. l. Mean rank on three risk parameters 
for the nine reinforcement groups (Bet 1). 


less risk than did either the H or L 
groups. A Kruskal-Wallis analysis of 
variance indicated a significant differ- 
ence in risk preference among these 
groups which differed on the ratio of 
wins to losses (see Table 2). Further 
analyses employing the Mann-Whitney 
U test revealed that the difference be- 
tween the H and M groups was sig- 
nificant (gum = 275, p < .01), while 
differences between the M and L 
groups and the H and L groups were 
not significant (zwr = 1.14, p> 25; 
Sur = 144, p > .10). 

The analysis of variance indicated 
that there were no significant differ- 
ences in risk preference among Groups 
W, E, and L’, which differed on 
amount previously won or lost (see 
Table 2). 

Bet 2.—Since b was not constant 
across these gambles, Equation 3 does 
not hold, but is a special case of the 
more general relationship between V 
and p when E — 0, This relationship 
may be expressed as: 


V = Pq/p = — ab. [41 


When variance is plotted as a function 
of probability the 100 gambles offered 
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fall along five hyperbolas correspond- 
ing to the five values of b°. The rela- 
tionship between variance and amount 
to win yields a plot of five straight 
lines with positive slopes emanating 
from the origin. While the parameters 
of the gambles are related as described 
above, their rank-order correlation is 
no longer perfect. Therefore on Bet 2 
it was possible to perform separate sta- 
tistical analyses on the three different 
risk parameters; V, p, and a. 

Results of the six Kruskal-Wallis 
analyses of variance relating amount of 
winning and ratio of wins to losses to 
the three risk parameters are presented 
in Table 2. Figures 2 and 3 clearly 
illustrate that Group M tends to select 
more conservative gambles than either 
Groups H or L. Mann-Whitney U 
tests indicate that when p is the de- 
pendent variable, Groups H and L do 
not differ significantly (zm, = .39), 
while Group M differs significantly 
from both the H and L groups (Zmx 
= 3.29, p < 01; srm = 2.58, p < .01). 
When a is the dependent variable the 
pattern of conclusions is the same (zur 
= 45; 2m —2.62, p< 01; emu = 
249, p < .02). As indicated in Table 
2, the V parameter is not significantly 
related to the previous ratio of wins 
to losses. 


TABLE 2 


SumMary or KRUSKAL-WALLIS ANALYSES OF 
VARIANCE OF RISK PREFERENCES FOR 
GROUPS DIFFERING IN RATIO AND 
AMOUNT OF REINFORCEMENT 


Bet 2 
DTA 9 
Groups Bet 1 m 
ari- 
TN Amount| ance 
Ratio of Re- 
inforcement |H =7.36| H =9.11 | H —6.81 | H 226 
(H, M, L) $«05 | p<.025| p<.05 | » 2-25 
Lie. 
Amount of Re- 50 
inforcement |H =2.94| H =1.59 | H 22.19 | H 7557 
(W, E, L^) p>.20 | p>.30 | p>.25 | p>-l 


Note.—H = x! with df = 2. 


— 


> ed 
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As in Bet 1, there was no significant 
relationship between amount of money 
previously won or lost and risk prefer- 
ence as measured by any of the three 
parameters (see Table 2). 

An additional test was performed to 
determine whether the experimental 
groups differed in their choices with 
respect to the potential loss involved. 
Sixty Ss had selected gambles with a 
potential loss of $.50. A median test 
across Groups H, M, and L yielded a 
x’? = .61, p > 70, while the correspond- 
ing value across Groups W, E, and L’ 
yielded y? = 3.89, p >.10. Thus the 
potential loss of the bets chosen was 
not significantly related to reinforce- 
ment history. 

Subjective probability —To obtain a 
measure of subjective probability of 
winning, the final question in the book- 
let asked S to estimate what he thought 
his chances were of winning Bet 2. 
These estimates were compared with 
the actual p values of the chosen gam- 
bles. Of the 120 Ss, 84 reported the 
objective probability. Of the remain- 
ing 36 Ss, 27 overestimated and 9 
underestimated the actual probability. 


x 
ieee 


MEAN RANK: p 


AMOUNT WON OR LOST 


Fic, 2. Mean rank probability for the nine 
reinforcement groups (Bet 2). 


MEAN RANK: a 


AMOUNT WON OR LOST 


Fic. 3. Mean rank amount to win for the 
nine reinforcement groups (Bet 2). 


This difference is significant at the .01 
level. Because so few Ss deviated in 
their estimates from the actual prob- 
abilities, no significant relationships 
with reinforcement history emerged. 


Discussion 


The results from both Bets 1 and 2 
confirm the finding reported by Edwards 
(1962), Slovic, Lichtenstein, and Ed- 
wards (1965), and Lichtenstein (1965) 
that an individual’s choices among gam- 
bles are independent of the amount of 
money previously won or lost. How- 
ever, an alternative component of re- 
inforcement history, the ratio of number 
of wins to number of losses, had signifi- 
cant effects upon risk-taking behavior. 
Preferences for high-risk gambles were 
exhibited by individuals who had experi- 
enced either very high or very low ratios 
of reinforcement on previous trials, while 
those whose number of wins equaled their 
number of losses tended to select more 
conservative bets as measured by proba- 
bility and amount to win. These results 
indicate a need for the experimental 
analysis of reinforcement schedules in 
future studies of risk-taking behavior. 

The similarities between the high and 
low ratio of reinforcement groups in their 
preferences are difficult to explain. Em- 
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ploying the subjective expected utility 
(SEU) model, SEU = y ta + (1—y)ts, 
where y — subjective probability and t 
= utility of payoff i. As the amount pre- 
viously won or lost was not significantly 
related to risk preferences, it is un- 
likely that the utility functions for money 
were affected by the experimental treat- 
ments. More reasonable is the conclusion 
that the reinforcement histories differen- 
tially affected the subjective probabilities. 
One is tempted to argue that the low-ratio 
group exhibited a negative recency effect 
or “gambler’s fallacy” (Jarvik, 1951) in 
assessing their chances of winning, while 
the high-ratio group exhibited a positive 
recency effect (Senders, 1953). The 
measure of subjective probability em- 
ployed in the present study lacked the 
sensitivity to test this interpretation, al- 
though a generally optimistic trend was 
observed among those Ss whose subjec- 
tive probabilities were biased. This lack 
of sensitivity appears to be a consequence 
of the ease with which the exact proba- 
bilities of the gambles employed could be 
calculated. The possibility of opposite 
recency effects among high and low ratio 


of reinforcement groups might be investi- 
gated in future studies by employing more 
complex types of gambles and/or more 
subtle measures of subjective probability. 
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STIMULUS SIMILARITY AND THE EFFECT OF 
REINFORCEMENT IN A PSEUDO-CONCEPT 
IDENTIFICATION TASK* 


JULIET POPPER SHAFFER AND ROBERT KEITH REMPLE? 


University of Kansas 


Ss (50 college students) were asked to try to classify correctly into 
1 of 2 groups each of a series of cards containing geometric figures, 
with the “correct” classification (conceptualized as reinforcement of the 
corresponding response) provided following each trial. Actually, the 2 
reinforcements occurred randomly with equal probabilities. Applying 
statistical learning theory, it was predicted that the probability that a 
response reinforced on 1 trial would occur on the next would be a 
linear increasing function of the similarity (measured by the number of 
dimensions on which they were identical) of the stimuli on the 2 trials. 
The prediction of an increasing function was supported (p « .01), but 
significant nonlinearity appeared. Also contrary to prediction, the 
probability was less than .50 (p<.01) when the stimuli were 


maximally dissimilar. 


The experiments reported here were 
designed to test predictions, derived 
from statistical learning theory, regard- 
ing the relationship between reinforce- 
ments and immediately following re- 
sponses in a learning situation similar 
in structure to a paradigm often em- 
ployed in studying concept formation. 
The stimuli consisted of a series of 
cards containing different geometric 
figures which varied along a number 
of dimensions. On each trial, a card 
was presented to S, and he was re- 
quired to make one of two responses, 
indicating which of two categories he 
believed the card belonged in. Each 
trial terminated with a reinforcing 
event, i.e, S was given the “correct” 
classification. Actually, the cards were 
categorized randomly, with the prob- 
ability of each classification equal to 
one half. The theory employed gener- 
ates predictions concerning change in 


1The research upon which this paper is 
based was supported in part by a grant to 
the first author from the University of 
Kansas. 

?Now at Department of Mathematics, 
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response probability, given the rein- 
forcing event, as a function of the rela- 
tion between the stimulus on the rein- 
forced and the stimulus on the immedi- 
ately following trial. 

If the categorization were determined 
on the basis of some stimulus property, 
this would be a concept-identification 
experiment. In that case, any influ- 
ence of stimulus relationships on the 
responses would be confounded with 
the effects of learning the correct clas- 
sification. In these experiments, a ran- 
dom categorization was used in order 
to investigate such stimulus functions 
without these confounding effects, and 
therefore without the necessity for as- 
sumptions concerning the way in which 
learning of a correct concept proceeds. 

Predictions were derived from an ap- 
plication of the stimulus sampling the- 
ory developed by Estes and Burke 
(Estes, 1950; Estes & Burke, 1953). 
The stimulus which initiates each trial 
is conceptualized as a set of elements 
available for sampling by S, with each 
element conditioned to one and only 
one of the permissible response alterna- 
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tives. Each element has a fixed prob- 
ability of being sampled on every trial 
on which it is available. The prob- 
ability of each response on a trial is 
equal.to the proportion of elements in 
the sample conditioned to that response. 
When a reinforcing event terminates a 
trial, all elements in the sample on that 
trial become conditioned to the re- 
sponse corresponding to that reinforc- 
ing event. 

In order to apply the model to the 
experimental paradigm outlined above, 
each value along each dimension of the 
stimulus is represented by a set of ele- 
ments Sy, with i representing the di- 
mension and j signifying the particular 
value on that dimension, (For exam- 
ple, i might represent “color,” j might 
represent “red.”) Any similarities 
among the values along a single di- 
mension, which would be represented 
in the model by elements common to 
the corresponding sets, are assumed to 
be small enough to be ignored. (When 
the stimulus cards were developed, the 
values along each dimension were 
chosen to be as distinct as possible, in 
order to make this assumption more 
reasonable.) In addition, a set S, is 
defined to include all stimulus elements 
not associated with the experimentally 
manipulated stimulus properties (i.e., 
cues connected with background condi- 
tions, the shape of the cards themselves, 
etc.). On each trial, the set S,, and 
one set for each value of 7 (in other 
words, one value on each dimension) 
is assumed to be available for sampling. 
If the stimuli presented on a pair of 
adjacent trials were maximally dissimi- 
lar, i.e., if they did not have the same 
value on any dimension, then only ele- 
ments in the set S, would be available 
for sampling on both those trials. In 
that case, the outcome of the earlier 
trial could influence the response on 
the later trial only through its effects 
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on elements in S,. If the stimuli have 
one value in common, however (e.g. 
both red), then the set S, and one of 
the sets Sy would be available for sam- 
pling on both trials. Thus, the out- 
come of the earlier trial would have a 
greater influence than in the previous 
case in determining the response on the 
later trial. If the stimuli have two 
values in common (e.g., both red and 
square), then the set S, and two sets 
Si; would be available for sampling on 
both trials, and so forth, until finally, 
if the stimuli were maximally similar, 
i.e., the same on all except one dimen- 
sion, then set S, and all except one of 
the sets Sj which are available on the 
earlier trial would also be available on 
the later trial. 
outcome of the earlier trial should have 
maximal effect on the response prob- 
ability for the later trial. 

In summary, a pair of stimuli on ad- 
jacent trials may be classified with re- 
spect to the number of dimensions 
along which they have common valtes, 
ranging from 0 to J — 1, where J is the 
total number of dimensions varied. In 
the model, stimulus similarity meas- 
ured in this way is conceptualized as 
the number of sets of elements avail- 
able for sampling on both trials jointly, 
ranging from 1 (S, only) to I (Se 
plus [Z — 1] sets Sj). The effect of 
the outcome of the earlier trial on the 
response probability for the later trial 
should, therefore, be an increasing 
function of the number of common 
values for the two stimuli. 

Let A; and Ag represent the two re- 
sponses, and E; and Es the correspond- 
ing reinforcing events. It is assumed 
that initially the probabilities of Ai and 
A» are each .50 and that, since E, and 
E» occur with equal probability, the 
unconditional probabilities of A; and 
A» remain .50 throughout the sequence. 
For simplicity, it is assumed that the 


In this situation, the ' 
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probability of an element actually being 
sampled, given that it is available for 
sampling on a trial, is the same for all 
elements in all the (J +1) sets; this 
probability will be designated 0. Con- 
sidering any pair of trials, let f; repre- 
sent the probability of A; on the second 
trial if E; is the outcome on the first 
or As on the second trial if Es is the 
outcome on the first, given that the pair 
has k dimension values in common. 
Then from the assumptions given it 
can be predicted that 


pu = 50 + .50(6c) + .50(0v)k, [1] 


where c represents the average propor- 
tion of elements in the sample on a 
single trial which belongs to the set So, 
and v represents the same average pro- 
portion for a single dimension-value 
set. 

Since the expression on the right- 
hand side of Equation 1 is not a func- 
tion of trial number, it also represents 
the predicted average f; over all pairs 
of trials on which the stimuli have k 
dimension values in common. This av- 
erage is therefore predicted to be a 
linear increasing function of k, with a 
minimum of .50, when k = 0 if c = 0. 

Two experiments were performed in 
order to test the above prediction. The 
first experiment provided evidence that 
the effects might change as a function 
of number of trials. The second ex- 
periment was the same in design as the 
first, except that a larger number of 
trials was used in order to check and 
extend the results. 


METHOD 


Subjects —The Ss were 50 University of 
Kansas students, 25 in each of the two ex- 
periments. 

Materials—The materials used were 3 X 5 
in. cards made of 3-ply tough check paper 
stock. Four characteristics were varied: 
color of the card, form of symbols on the 
card, number of symbols, and type of border. 
Each of these characteristics had six pos- 


sible values. The cards were of six different 
colors: red, orange, canary (yellow), white, 
blue, or green. The symbol on each card 
was one of the following Ludlow symbols: 
circle, rectangle, arrow, cross, diamond, or 
star. From one to six copies of the symbol 
were printed in black in a horizontal row 
centered on the card. The variations in type 
of border were: no border, a 2}-in. vertical 
bar along the left or the right edge of the 
card, a 24-in. horizontal bar along the upper- 
left or the upper-right edge of the card, or a 
4i-in horizontal bar along the upper edge of 
the card. Taking all possible combinations, 
there were thus 6 or 1296 different cards. 

Apparatus.—The S sat at a small table 30 
in. high on which was mounted vertically a 
dull black plywood board 30 in. long and 19 
in. high which effectively shielded E, sitting 
on the other side of the table, from S’s view. 
The board had an opening 54 in long and 
31 in. high, centered and with the lower edge 
13 in. above the top of the table, through 
which the cards could be viewed by S. The 
board was mounted 15 in. from S’s side of 
the table. An electric metronome was set at 
low volume and 60 bpm to aid E in main- 
taining the time intervals between trials. A 
small fan on the floor of the room provided 
ventilation and partially masked outside 
noises. 

Procedure.—Experiment I consisted of 160 
trials, Exp. II of 320 trials, Each S was 
tested individually. A random sequence of 
the required number of cards (160 or 320) 
was drawn from the total of 1296 different 
cards. The S was instructed that there was 
some basis for dividing the cards into two 
groups, called O and X, and that he was to 
try to discover the basis for the classifica- 
tion. He was told that E would begin each 
trial by saying “Ready.” One second later 
a card would be held up in the opening of 
the board for 3 sec. and he should indicate 
which group he thought the card belonged 
to by saying either O or X while the card 
was still visible to him. He was required 
to say either O or X on every trial, even if 
he was not sure about his choice. One second 
after the removal of the card E would give 
him the correct answer. Three seconds later 
the next trial would begin. 

Before starting the experiment S was 
given six practice trials using a random se- 
quence of six cards restricted so that no two 
cards had any characteristics in common. It 
was made clear to S that these practice trials 
were not part of the problem and that the 
correct answers given by E were assigned 
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TABLE 1 
ESTIMATES OF f IN Exp. I AND II 


Value of k 
1 All 
Experiment Pairs 
0 1 2 3 
First 453 | .525 | .547 |.762 | .496 
Second 475 | .490 | .518 | .619* | .488 
Combined| .464 | .507 | .532 |.692»| .492 


^ Based on 24 Ss (see text). 
b Based on 49 Ss (see text). 


randomly. The S was told that the prob- 
lem was quite difficult and that he should 
not be discouraged if he felt he was not 
making progress. 

Throughout the experiments, the correct 
answers given by E were actually assigned 
randomly without reference to the charac- 
teristics of the cards, O and X appearing 
with ‘equal probability. A different random 
sequence of cards and a different random se- 
quence of correct answers was used for each 
S. 


RESULTS 


As the 160 trials yielded only 159 
pairs of adjacent trials for analysis, the 
last 3 trials were discarded, leaving 
a more convenient total of 156 pairs to 
analyze. Similarly, the last 7 trials 
of Exp. II were discarded, resulting in 
a total of 312 pairs in that experiment. 
Each pair was classified according to 
the number of dimension values shared 
by the two stimuli. For each S, the 
values of ps were estimated by comput- 
ing the proportion of pairs for a given 
value of k on which the response on the 
second trial was the one reinforced by 
the outcome on the first trial (i.e., the 
number of pairs with E; on the first 
trial and A; on the second plus the 
number of pairs with Ez on the first 
trial and As on the second, divided by 
the total number of pairs, all for a fixed 
value of k). The mean proportions for 
each experiment and for the two ex- 
periments combined are presented in 
Table 1, which also includes the mean 
proportions computed over all pairs, 
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regardless of & value. (The propor- 
tion for k — 3 in Exp. II is based on 
24 Ss, as there were no pairs with 
k-3for1 S.) 

The mean proportions increase mono- 
tonically with increasing values of k, 
as predicted. However, the mean pro- 
portions for k=O are significantly 
smaller than the predicted minimum of 
.50, £(48) for combined experiment = 
5.51 (p< .001), #(24) for Exp. I = 
4.61 (p < .01), t(24) for Exp. II = 
3.07 (p < 01). The mean proportions 
over all pairs do not differ significantly 
from .50. 

Analyses of variance using orthogo- 
nal polynomials were carried out on 
the combined data and on the data of 
each experiment separately. Only the 
24 Ss with data for k — 3 were in- 
cluded in the analyses. The results of 
the combined analysis are presented in 
Table 2. The main effect of k, the 
number of shared dimension values, is 
highly significant, and, contrary to pre- 
diction, not only the linear but the 


TABLE 2 


ANALYSIS OF VARIANCE OF ESTIMATES 
OF pr IN Exp. I AND II 


Source df MS F 
Between Ss 
Experiment (E) 1| .10569| 3.25 
Ss]E 47 | .03249 
Within Ss 
Number of Shared 

Dimension- 

Values (k) 3| .48292 | 24.46*** 
Linear 1 | 1.22190 | 35.22*** 
PIER UE 1| .16558 | 10.52** 

ubic 1| .06128 | 6.96* 

kXE 3| .05956 | 3.02* 
Linear 1| .15023 | 4.33* 
Quadratic 1| .00915| 0.58 
Cubic 1| .01930 | 2.19 

Ss X k/E 141 | .01975 
Linear 47 | .03469 
Quadratic 47| .01574 
Cubic 47 | .00881 

Total 195 
* 
25i 
"p x 


[A —————— £— 
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quadratic and cubic components are 
significant. The significant linear com- 
ponent of the k X Experiment interac- 
tion indicates that the slope of the 
linear component of the function re- 
lating p+ to k is significantly greater in 
Exp. I than in Exp. II. In the sepa- 
rate analyses, the main effect of & was 
significant in each experiment, F(3, 
72) for Exp. I= 23.54 (p< 001), 
F(3, 69) for Exp. II = 481 (p< 
.01), as was the linear component of 
the effect, F(1, 24) for Exp. I — 35.15 
(£ «.001), F(1, 23) for Exp. II = 
6.58 (p «.05). The quadratic and 
cubic components were significant in 
Exp. I, F(1, 24) for Quadratic — 10.65 
(p < 01), F(1, 24) for Cubic = 6.05 
(p < .05), but did not approach sig- 
nificance in Exp. II. 

In order to determine whether or not 
changes in the probabilities occurred 
during the course of the experiments, 
estimates of p were computed sepa- 
rately for the first 78 and the second 
78 pairs for each S in Exp. I, and over 
four blocks of 78 pairs each and two 
blocks of 156 pairs each in Exp. II. 
Using blocks of 78 pairs, the majority 
of Ss in each experiment did not have 
any pairs with & equal to 3 in one or 
more blocks; the estimates of ps were 
therefore not computed when blocks of 
78 pairs were considered. The esti- 
mates of ps for the two 156-pair blocks 
of Exp. II were based on the 23 Ss for 
whom complete data were available. 
Estimates of f; over blocks are pre- 
sented in Table 3. 

In Exp. I, all proportions increased 
from the first to the second block, 
while there was no consistent trend in 
Exp. IL An analysis of variance was 
carried out on the data of Exp. I and 
the first two 78-pair blocks of Exp. II, 
similar to the analysis summarized in 
Table 2 but including Block as a 
within-Ss variable, and excluding esti- 


TABLE 3 
ESTIMATES OF pẹ OVER BLOCKS 


Value of k 
Block 
0 1 2 3 
Exp. I: Two Blocks 
First 434 | .500 | .528| — 
Second 470 | .548 |.567 | — 
Exp. II: Four Blocks 
irst 481 | .497 | .530 | — 
Second 478 | .499 | .509 | — 
Third 457 | .489 | .526 | — 
Fourth 486 |.474 |.519 | — 
Exp. II: Two Blocks 
irst 480 | .496 | .513 | .691* 
Second 470 | .482 | .523 | .575* 


* Based on 23 Ss (see text). 


mates of fs for reasons explained 
above. Only the main effect of k was 
significant, F(2, 96) = 7.40 (p < .01), 
and only the linear component of the 
effect reached significance, F(1, 48) — 
11.20 (p < .01). Neither the block ef- 
fect nor any effect reflecting differences 
between the two experiments even ap- 
proached significance. Separate analy- 
ses of variance were carried out for the 
two experiments, using data from the 
two 78-pair blocks of Exp. I and the 
two 156-pair blocks of Exp. II. In the 
case of Exp. II, two analyses were car- 
ried out, one including and one exclud- 
ing the estimates of ps. The block 
main effect was of borderline signifi- 
cance in Exp. I, F(1, 24) = 4.25 (p= 
.05), and did not approach significance 
in either analysis of Exp. II. The only 
other significant effects were the main 
effects of k in all three analyses, F(2, 
48) for Exp. I = 6.53 (p < 01), F(3, 
66) for Exp. II including ps = 5.30 (p 
< 01), F(2, 48) for Exp. IT exclud- 
ing ps = 3.86 (p< .05). In the two 
analyses which did not include esti- 
mates of fs, only the linear component 
of the k effect was significant, F(1, 24) 
for Exp. I = 896 (p < .01),F(1, 24) 
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for Exp. II = 6.06 (p < .05), while in 
the analysis of Exp. II which included 
estimates of ps, the quadratic compo- 
nent was of borderline significance, 
F(1, 22) for linear = 6.14 (p < 05), 
F(1, 22) for quadratic=4.26 (p= 
.05). 

A significance test of the difference 
between the estimates of ps for the first 
and second 156-pair blocks in Exp. II 
indicated that the differences did not 
approach significance. 


Discussion 


An interesting general result of both 
experiments is that the obtained propor- 
tion of all trials on which the response 
given is the one which was reinforced on 
the immediately preceding trial is not 
significantly different from .50, the over- 
all proportion of each response. Thus, 
on a gross analysis, it would appear that 
reinforcement has no immediate effect. 
However, when the pairs of trials are 
classified according to the similarity (i.e., 
the number of shared dimension-values) 
of the stimulus-pairs, the predicted posi- 
tive relation between similarity and 
change in probability of the reinforced 
response is clearly supported in both ex- 
periments. The overall proportion near 
.50 is due to the fact that the immediately 
preceding reinforced response occurs less 
than 50% of the time when the stimuli 
are maximally dissimilar and more than 
50% of the time when they are highly 
similar. Although somewhat less conclu- 
sive, the overall results provide no sup- 
port for any assumed changes in the re- 
sponse probabilities as a function of trials. 

The predicted linearity of the function 
relating f, to k is not supported; both 
the quadratic and cubic components of the 
function are significant. The nonlinearity 
appears to be entirely a result of the in- 
clusion of estimates of pa, since in all 
analyses excluding these estimates the 
nonlinear components did not even ap- 
proach significance. It seems possible, 
then, that the function is linear except for 
extreme similarity ; further research, espe- 
cially with a greater number of dimen- 
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sions which would yield a larger range of 
values of k, could provide evidence on this 
issue. Furthermore, the change in p 
from the first to the second 156-pair block 
of Exp. II, while not even approaching 
significance, is in the direction of reduc- 
ing the nonlinearity of the function, sug- 
gesting that a larger number of pairs with 
k=3 (the actual number ranged from 
zero to nine per S in Exp. II) could re- 
sult in a different estimate of pg, possibly 
one conforming better to the prediction, ~ 

The prediction that the change in the 
probability of the reinforced response 
(ie the difference between that proba- 
bility and .50) is nonnegative is clearly 
not supported. One possible explanation 
for the apparently negative effect of re- 
inforcement might be some type of nega- 
tive recency effect, i.e., a tendency to an- 
ticipate the event which has not occurred 
most recently. This tendency could be 
superimposed upon the similarity effect to 
produce results qualitatively similar to 
those observed. However, the experi- 
mental evidence on the whole does not 
support the assumption of a negative re- 
cency effect when the outcome of only the 
last preceding trial is considered (Jarvik, 
1951), and, as a matter of fact, the effect 
of an immediately preceding reinforce- 
ment in a similar theoretical context has 
been shown to be not only positive but 
even greater than predicted (Estes & 
Straughan, 1954), Another possible way 
of accounting for the apparent decrease 
in probability of the reinforced response 
with maximum dissimilarity would be to 
postulate that reinforcement of one re- 
sponse to a given value on a dimension 
increases the probability of that response, 
given the same value, but actually de- 
creases its probability in the presence of 
other values on that dimension. Simply 
adding this assumption to the model as 
formulated originally results in the pre- 
dicted probability remaining a linear 
function of b, with a constant subtracted, 
the value of which depends on the size of 
the assumed “negative” effect, and with 
the theoretical minimum of .50 therefore 
eliminated. Though predictions from this 
model would correspond better with the 
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observed results (the problem of apparent 
deviation from linearity would remain), 
such an assumption does not fit into the 
framework of the stimulus sampling the- 
ory employed here. The "strategy" the- 
ory proposed by Restle (1962) seems to 
provide a rationale for the assumption of 
this kind of process, since some strategies 
could be assumed to specify stimulus- 
outcome relationships for all values on 
a particular dimension. 
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STIMULUS EXPOSURE TIME IN PAIRED- 
ASSOCIATES LEARNING * 


RICHARD M. GOOD 
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An investigation was undertaken to determine the relationships among 
the S-controlled variables of stimulus-exposure duration, response- 
time duration, and number of correct responses. 1 group of Ss 
received stimuli that had distinctly different verbal names, another 
group received stimuli that had the same verbal name, and the last 
group received stimuli with relatively few verbal associations. The 
experimental results suggested that the exposure time of the stimulus 
may be a more sensitive measure of learning (under conditions of low 
response generalization) than number of correct responses, that 
stimulus-exposure time and correct responses are determined more by 
stimulus generalization than by the elicitation of meaningful verbal 
associations as such, and that faster learners expose stimuli for more 
time on initial trials and for somewhat less time on latter trials than do 


the slower learners. 


lt is generally recognized that the 
duration of time spent to achieve mas- 
tery of a task is a measure of learning, 
but it is not so obvious how the tem- 
poral variables should be manipulated 
to produce maximum efficiency. With 
the exception of a study by Underwood 
and Viterma (1951), which used mean- 
ingful adjectives rather than nonsense 
syllables as stimuli, there is a consist- 
ent finding with paired-associates tasks 
that acquisition rate is related to the 
exposure time and speed at which the 
stimuli are presented (Hovland, 1949; 
Nodine, 1963). 

It would be expected that meaning- 
fulness and similarity of stimulus ma- 
terial should interact such that stimuli 
with a high probability of eliciting well- 
defined verbal associations which were 
identical for all stimuli would be more 


1 This paper is based on a PhD dissertation 
submitted to the Department of Education at 
the University of Maryland. The author is 
greatly indebted to T. W. Turnage, Depart- 
ment of Psychology, and W. S. Verplanck, 
now at the University of Tennessee, under 
whose directions this investigation was con- 
ducted. 


difficult to learn and would require 
more exposure or slower rates of pres- 
entation than when such associations 
were distinct and different. Stimuli 
that elicit the same association produce 
the conditions for stimulus generaliza- 
tion while those that elicit different as- 
sociations produce the conditions for 
stimulus differentiation. Deese and 
Kresse (1952) offered evidence that 
in serial learning a slower rate does not 
increase learning efficiency by decreas- 
ing stimulus generalization, but they 
did not investigate the effects of stimu- 
lus duration. 

The duration of time the stimulus is 
exposed has received little attention; 
generally, the paradigm is to expose 
the stimulus for a constant interval and 
require S to respond prior to its termi- 
nation. The purpose of this study was 
to determine how human Ss varied the 
amount of time stimuli are exposed 
(stimulus time), the amount of time 
needed to make a response (response 
time), and the amount of time the 
stimulus was not exposed (response 
minus stimulus time) in paired-associ- 
ates tasks. 
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METHOD 


Stimuli —Prior experimentation had shown 
that the three groups of 12 stimuli used in 
this study elicited significantly different types 
of associations. The first set, referred to as 
verbal stimuli, consisted of distinct geometric 
patterns (circle, square, triangle, star, spade, 
diamond, club, heart, cross, crescent, angle, 
and arch) which elicited for each stimulus a 
unique, well-defined association from S to $; 
ie, 97.7% of the associations had a definite 
meaning, 91.7% were associations that an $ 
did not give to any other stimulus, and 87.996 
were the same associations which other Ss 
gave to the same stimulus. The next set of 
stimuli (six dots arranged two wide and 
three high in the pattern of the number six 
die) tended to elicit from any one S highly 
stereotyped associations; e.g., if an S called 
one of the stimuli a “domino,” then he tended 
to call the others a "domino." Of the asso- 
ciations elicited by these stimuli, 59.7% were 
of this type and 11.7% of the associations 
were elicited only once. Since these stimuli 
are assumed to produce the conditions for 
stimulus generalization, they are called gen- 
eralization stimuli. The last set are re- 
ferred to as nonverbal stimuli because, com- 
pared to the other stimuli, they tended to 
elicit either no response or vague associa- 
tions such as "nothing" or "a blob” (48.5% 
of the associations). With regard to the 
well-defined associations, these stimuli did 
not elicit any large number of the stereo- 
typed associations characteristic of the gen- 
eralization stimuli (6.896 of the total number 
of associations) but elicited unique associa- 
tions that were given only once by S (44.7% 
of the total number of associations). When 
the well-defined associations were classified 
between Ss, 23.5% of the total number of 
associations were the same associations that 
other Ss gave to the same stimulus and 
28.0% of the total number of associations 
were unique. These stimuli, which are best 
described as distinctive, nonsymmetrical blots, 
are a modification of material used by Rubin 
(1921). 

Response.—The response task selected for 
Ss to learn was a button pressing. Upon the 
presentation of one of the 12 stimuli, S was 
to press the button that was associated with 
the stimulus. An attempt was made to mini- 
mize response generalization by arranging 
the buttons in the form of a clock and calling 
this pattern to S's attention and by giving 
each S, just prior to the experiment, three 
warm-up trials on the apparatus where the 
stimuli were the numerals 1 through 12 and 


the associated responses were the buttons at 
the corresponding clock positions. 

Apparatus.—The apparatus for presenting 
the stimuli to S consisted of a plywood booth 
with a 24-in. projection screen mounted so 
that it faced S. In a clock shape surround- 
ing the screen were 12 opaque amber lights 
(response lights) which were paired with 12 
switches (response buttons) in a concentric 
circle around the lights. When S made a 
response, the response light associated with 
the correct response came on for 3.03 sec. 
and, if a correct response was made, a buzzer 
sounded momentarily. 

Horizontally in front of S, separated from 
the response lights and switches, were two 
other lights. A green ready light served to 
notify S when he could cause a stimulus to 
be presented. A red intertrial light in- 
formed S of the completion of a 12-stimulus 
trial. Adjacent to the two lights was a 
brown disk on which S rested his hand be- 
tween responses. 

Under the booth was a foot pedal which 
S used to control the visual presentation of 
a stimulus. As soon as the green ready 
light came on, pressure on the foot pedal 
began the exposure of the stimulus and 
started two timers. The response timer con- 
tinued running until S made a response. 
Activation of the stimulus timer was main- 
tained only so long as S kept the stimulus 
exposed by pressure on the pedal. Although 
relaxation of the foot stopped both the meter 
and the stimulus exposure, repressing the 
pedal started both again. 

The stimuli were reproduced on photo- 
graphic slides and presented to Ss by means 
of a Kodak Carousel projector mounted be- 
hind the apparatus so that the image was 
projected on the back of a translucent screen. 
A shutter, which regulated the presentation 
of the images, was between the projector and 
the screen and was controlled by the foot 
pedal. 

All except two simple operations of the 
apparatus were controlled electrically by 
means of relays and a variable timer. The 
manual operations performed by E behind 
the equipment were the recording of the 
stimulus and response times and the closing 
of the appropriate switch so that the correct 
response light would be illuminated and the 
reinforcing buzzer would sound, if required, 
when a response was made. 

Subjects—The Ss were 54 volunteers (48 
females and 6 males) from the beginning 
education course at the University of Mary- 
land. Assignment to one of the three experi- 
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mental groups (nonverbal, generalization, 
or verbal) was random with the restriction 
that out of every six consecutive Ss of the 
same sex, two were to be assigned to each 
of the groups. 

Procedure.—The procedure in the experi- 
ment was the same for all three experimental 
groups except for the stimuli employed. The 
S was seated before the equipment and given 
the directions for the warm-up period. Upon 
completion of the warm-up the directions for 
the experiment were read. The procedure 
for the experiment was as follows: The 
green light notified S that if the foot pedal 
were pressed, the stimulus would be pre- 
sented. Aíter the stimulus was viewed and 
a response made, the green light went off 
and the stimulus automatically disappeared. 
At this time the correct response light was 
illuminated and E recorded, inaudibly to S, 
the stimulus and response times onto mag- 
netic tape. After the appearance of the cor- 
rect response light there was a 2.93-sec. 
delay before the green light came on again 
and the procedure was repeated with the next 
stimulus. After all 12 stimuli had been given, 
the intertrial light came on for 3.03 sec. after 
which the next trial began. The first six 
trials each represented a different random 
order of the stimuli. The next six trials 
were a reversal of the first six trials; i.e., 
the first stimulus of Trial 7 was the twelfth 
stimulus of Trial 6, the second stimulus of 
Trial 7 was the eleventh stimulus of Trial 


7 
[2 
5 
4 
3 
2 


MEAN NUMBER OF CORRECT RESPONSES 


RICHARD M. GOOD 


6, etc. Trials 13-18 were identical to Trials 
1 through 6. All Ss completed 18 trials. 


RESULTS AND DISCUSSION 


For purposes of analysis, all data for 
each $ were summed to give the total 
for each trial. Hence, stimulus expo- 
sure time was the sum in seconds of 
each stimulus' exposure for any one 
trial, response time was the total re- 
sponse time in seconds of a trial, and 
number of correct responses was the 
total correct during a trial. The de- 
sign employed to test the variables was 
an analysis of variance with two be- 
tween-Ss comparisons and a within-Ss 
comparison of the 18 trials of learning. 
The first between-Ss comparison con- 
sidered the stimulus material of the 
nonverbal, generalization, and verbal 
stimuli and is referred to as groups. 
The other between-Ss treatment was à 
level of learning performance that was 
determined in the following manner: 
(a) For each S on each stimulus, the 
first set of two successive correct re- 
sponses was located and the first of 
these responses was considered the cri- 
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Fic. 1. Mean number of correct responses by trial for each type of stimulus and 
performance level. 
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TABLE 1 


MEANS AND SDs or 


THE STIMULUS TIMES AND RESPONSE TIMES 


Stimulus Times Response Times 
Hal M SD M sD 

Non- | General] Verbal | eB: | General] Verbal | Non; | General| Verbat | Non; | General] Verbal 
1 | 48.5 | 63.7 | 29.2 | 43.1 | 41.9 | 34.0 | 54.9 | 70.0 | 41.6 | 42.3 | 41.0 | 37.3 
2 | 51.4 | 59.9 | 33.4 | 35.0 | 38.7 | 42.8 | 56.4 | 63.8 | 41.3 | 32.3 | 37.3 | 41.3 
3 | 52.3 | 61.9 | 35.5 | 31.0 | 52.3 | 44.7 | 56.4 | 65.7 | 42.1 | 28.5 | 51.3 | 42.8 
4 | 56.1 | 60.7 | 35.0 | 30.7 | 37.3 | 46.2 | 60.7 | 63.5 | 40.7 | 29.3 | 38.3 | 44.5 
5 | 58.3 | 63.8 | 26.6 | 28.3 | 32.0 | 19.9 | 62.6 | 66.6 | 31.3 | 25.8 | 31.5 | 18.5 
6 | 48.0 | 63.6 | 27.5 | 20.0 | 40.3 | 37.5 | 51.4 | 65.7 | 31.6 | 16.7 | 39.8 | 36.9 
7 | 40.4 | 53.9 | 17.8 | 15.8 | 22.3 | 10.7 | 44.2 | 57.5 | 21.6 | 14.1 | 21.1 | 10.1 
8 | 38.2 | 59.5 | 169 | 15.6 | 28.7 | 9.7 | 41.1 | 62.6 | 20.2 | 14.0 | 29.4 7.6 
9 | 36.2 | 59.6 | 14.1 | 16.0 | 27.1 6.8 | 40.2 | 61.8 | 17.8 | 15.4 | 27.2 5.4 
10 | 34.7 | 570 | 12.7 | 14.6 | 20.4 | 5.5 | 386 | 58.6 | 15.8 | 17.9 | 19.9 3.8 
11 | 299 | 55.2 | 120 | 11.6 | 20.7 | 4.2] 33.4 | 57.3 | 14.8] 13.6 | 19.6 | 2.3 
12 | 30.5 | 55.3 | 12.8 | 162 | 226 | 4.7 | 330 | 57.4 | 15.4 | 15.4 | 224 2.5 
13 | 25.5 | 56.6 | 11.4 | 12.7 | 25.3 | 4.2 | 27.6 | 580 | 14.1 | 11.7 | 25.3 2.5 
14 | 25.1 | 565 | 11.9 | 12.9 | 24.2 | 4.0 | 280 | 57.5 | 14.3 | 13.7 | 24.5 2.2 
15 | 23.5 | 47.7 | 11.5 | 11.3 | 19.4 | 3.8| 25.6 | 49.3 | 13.8 | 10.6 | 19.1 24 
16 | 21.2 | 47.6 | 11.1 9.0 | 21.9 | 3.2 | 23.5 | 49.1 | 13.3 | 89 | 21.9 19 
17 | 19.8 | 45.7 | 11.3 9.5 | 188 | 4.4 | 21.2 | 47.5 | 14.0 | 87 | 18.3 2.8 
18 | 19.4 | 42.9 | 10.8 7.3 | 151 3.4 | 20.6 | 44.9 | 13:3 | 6.4 | 145 1.9 


terion trial. (b) The median trial was 
computed for each S from the 12 cri- 
terion trials. (c) The median cri- 
terion trials for each group were di- 
vided into equal thirds which consti- 
tuted levels of high, middle, and low 
learning performance. 

Correct responses.—Figure 1 repre- 
sents the mean number of correct re- 
sponses by trial for each stimulus group 
and performance level. The analysis of 
variance, which showed all main and 
interaction effects to be significant (all 
p’s < 001), depicts a learning rate that 
was consistent with expectations. A 
direct relationship existed between per- 
formance and the stimulus differenti- 
ation properties of the stimuli. The 
verbal stimuli, which were designed to 
facilitate stimulus differentiation, had 
the highest number of correct re- 
sponses, while the generalization stim- 
uli had the lowest. It was expected 
that practice (trials) would be related 
to performance and, since the division 


by levels was based on a performance 
criterion, a direct relationship between 
levels and performance was virtually 
guaranteed. 

Stimulus exposure time.—Both the 
means and standard deviations of the 
stimulus exposure time for the various 
groups are inversely related to trials 
(Table 1). Since these times were 
positively skewed, they were trans- 
formed to natural logarithms for pur- 
poses of analysis. Means of these 
transformed scores are presented in 
Fig. 2 through 4. The analysis of vari- 
ance for the transformed scores pro- 
duced significance in all main and inter- 
action effects (all p’s < .001) except 
Levels, F(2,45) = .87, and Group X 
Level interaction, F(4,45) = 2.38, p 
« .10. 

The ordering of the stimulus groups 
(generalization, nonverbal, and verbal) 
shows stimulus exposure time was di- 
rectly related to the stimulus generali- 
zation properties of the stimuli—i.e., 
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Frc. 2. Mean stimulus time (log transformation) by trial and stimulus group for the high 


levels of performance. 


to the differential verbal labels which and the generalization stimuli elicited 
Ss assigned to these stimuli—but not well-defined associations with short 
to the tendency to elicit well-defined and long exposures, respectively, sug- 
associations. The fact that the verbal gests that the primary value of in- 
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Fic, 4. Mean stimulus time (log transformation) by trial and stimulus group for the low 
levels of performance. 


creased exposure was to allow addi- 
tional time for stimulus differentiation. 

The stimulus times showed system- 
atic variations with learning in that as 
trials progressed the stimulus times de- 
creased for all Group X Level combina- 
tions with the possible exception of the 
two lower generalization levels. Ex- 
amination of Fig. 1 reveals that these 
are the two slowest learning groups 
and it is probable that if additional 
trials had been given, a decrease would 
have been evident. A decrease through 
trials would be expected since one 
would need only a short observation of 
the stimulus in order to make a cor- 
Tect responsé as learning progressed. 

The results suggest that when re- 
- Sponse generalization is low, the stimu- 
P lus exposure time may be a more sen- 
. Sitive measure of learning than the 
. number of correct responses. Both 
measures varied systematically with 
: trials. indicating some relationship to 
learning. However, variations contin- 
ued to be apparent in the stimulus times 


on latter trials even though Ss no 
longer made errors; e.g., the high ver- 
bal group made practically all correct 
responses starting with the sixth trial 
but showed a decrease in stimulus time 
through all 18 trials. 

In most cases the high-level perform- 
ers in each stimulus group spent more 
time exposing the stimulus during the 
initial trials than did Ss at the other 
levels within the same group. How- 
ever, all low-level Ss showed a tend- 
ency to start at about the same time 
regardless of the stimulus group and, 
as a result, the low-level verbal Ss took 
more time on all trials, including the 
initial trials, than did Ss at the other 
verbal levels. On the later trials an 
inverse relationship appeared to exist 
between exposure time and level, It 
was noted that in the nonverbal and 
verbal groups the high and middle lev- 
els did not differ significantly from 
each other in exposure time. In the 
generalization group the high and mid- 
dle levels differed significantly from 
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able amount of the additional response 
time was not related to the stimulus 
time, Although most of the r's were 
not significantly different from zero 
(r= 47 at the .05 level), the few 
significant relationships were usually 
on the trials of the verbal group. 
performing the analysis of 

variance of the R — S times, all the 
scores were transformed to natural loga- 
rithms. The only significant effect 
was a decrease as trials progressed, 
F(17765) = 542, p < 001. Once S 
had learned a response, a decrease 
would be expected since it took S a 
relatively fixed time to perform the 
total response. This total elapsed time 
usually thought of as reaction time— 
may be divided into a “viewing” stage 
and a “movement of the hand to re- 
spond” stage. For some Ss the two 
stages overlapped ; i.e., they viewed but 
continued to keep the stimulus present 
while the hand movement occurred. 
viewed, released the stimulus, 

and then responded. Under such cir- 


study response time was 
found to be highly correlated with the 


a slower pace and gradually 
increasing the rate, This is indicated by 

the fast learner adopts a 
exposure time related to the dif- 
ficulty of the stimulus material, 
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NEGATIVE IONIZATION: AN INVESTIGATION 
OF BEHAVIORAL EFFECTS 


J. C. WOFFORD! 
University of Southern Mississippi 


100 experimental Ss from undergraduate psychology classes performed 
research tasks under an increased density of negative ions, while 100 


control Ss performed under normal room conditions. 


The problem 


was to determine the effects of increased negative ionization upon 
discrimination reaction time and manipulative dexterity tasks. In- 
creased negative ionization had a significant effect upon latency of 
reaction time (p<.01) but not upon measures of manipulative 
dexterity. Simple forms of behavior seem to be influenced more by 
negative ionization than more complex behaviors. 


Recent technological developments 
have tended to bring about an increase 
in the ratio of positive to negative ions 
in the atmosphere. By comparison to 
outdoor air, the environments of occu- 
pied rooms, particularly those with 
electronic equipment, show an increase 
in the proportion of positive ions. In 
addition positive ion concentrations 
have been found to increase far above 
normal levels in space flights, nuclear 
submarines, and areas with an in- 
creased level of radio activity. 

Any minute electrically charged par- 
ticle in the air is referred to as an ion. 
The size of ions vary from a small clus- 
ter of about 3 to 12 molecules with a 
mobility of 1.0 to 2.0 cm/sec in a stand- 
ard field of 1 v/cm to Langevin ions 
having a density up to 10° molecules 
per cluster and a mobility of .0005 to 
.01 cm/sec/v/cm. Negative ionization 
is the process of charging a molecular 
particle by transferring electrons onto 
its outer "shell" Ion concentration 
has been shown to have definite diur- 
nal, seasonal, and weather trends. 
Highest ion densities are found at noon 
and midnight, in summer and winter, 
and on clear days or during heavy 
rains. 


1 The author wishes to recognize the as- 
sistance of J. i5 Williams in this research. 


The effects of ionization upon physi- 
ological factors have been studied by 
a number of investigators (Berezina, 
1955; Krueger & Smith, 1953; Kune- 
vitsch, 1939; Selter & Schmitt-Halin, 
1934; Silverman & Kornblueh, 1947 ; 
Tchijevsky, 1937; Tchijevsky & Voy- 
nard, 1934; Vasiliev, 1958; Yaglou, 
1935). 

Results from the studies of behav- 
ioral factors have varied. Ionization 
has been shown to have a significant 
effect upon the following types of be- 
havior: (a) Simple reaction time 
(Rheinstein, 1960), (b) Activity level 
(Herrington & Smith, 1935), and (c) 
Maze learning for aged rats (Jordan 
& Sokoloff, 1959). Investigators were 
unable to find a significant effect of 
ionization for the following behavioral 
factors: (a) Maze learning (Bauer, 
1953; Jordan & Sokoloff, 1959), (b) 
Optical moment (Rheinstein, 1960), 
(c) Nesting of rats (Bauer, 1953), 
and (d) Productive assembly (Mc- 
Gurk, 1959). While several of these 
studies are lacking in experimental con- 
trol and definitive statistical analysis, 
they seem to indicate that increased 
negative ionization has a significant ef- 
fect upon some behavioral responses 
and not upon others. The current need 
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BEHAVIOR EFFECTS OF NEGATIVE IONIZATION 


is to isolate the conditions under which 
negative ionization affects behavior. 

This research has the following pur- 
poses: (a) To investigate the hypothe- 
sis that scores for discrimination reac- 
tion time and manipulative dexterity 
when obtained under conditions of in- 
creased negative ionization of the at- 
mosphere differ from those obtained 
under normal conditions, and (b) to 
determine whether negative ionization 
has a greater influence on simple re- 
sponses than on more complex re- 
sponses. 


METHOD 


Subjects. —Two hundred volunteer Ss from 
undergraduate psychology classes were ran- 
domly selected for the experimental and con- 
trol conditions. A total of 66 males and 34 
females were used in each group. The Ss 
had no prior knowledge of the variables un- 
der investigation. 

Apparatus.—T wo research rooms were ar- 
ranged such that each accommodated two Ss. 
The rooms were approximately of equal size 
and were identically arranged. Fifty percent 
of the experimental Ss received negative ions 
in each room. The level of negative ioniza- 
tion was produced by the Emerson ionator 
and was measured by use of the Kiethley 
Model 200 B. A tape recorder presented all 
instructions. 

Tasks—Each room contained a discrimi- 
mation reaction-time task. The display for 
this task consisted of a red, a green, and a 
white light. Each of the Ss responded to the 
red light by pressing a telegraph key. A 
Stepping relay switch activated the stimuli 
in random sequence. Electronic timers were 
activated simultaneously with the occurrence 
of the red light and were disengaged as each 
S pressed the key. 

Procedure.—Since relative humidity and 
temperature are correlated with ion density 
(Shaeffer, 1959), it was necessary to offset 
the increases in these variables that resulted 
from perspiration and body temperature. 
Calcium chloride was used to absorb mois- 
ture from the air. A heating unit outside 

e two rooms was adjusted to assure the 
maintenance of comfortable temperature lev- 
m _ The differences between the means of 
M levels and temperature levels for 

€ experimental and control conditions were 
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not significant, humidity (p > .40) and tem- 
perature (p > .90). 

The Ss were preconditioned to the re- 
search environments for 20 min. before be- 
ginning the experimental tasks. Duplicate 
reading materials were provided in the two 
rooms during this period. The following in- 
troduction was made: 


This is a study of the effects of certain 
atmospheric conditions upon certain types 
of behavior. The conditions of the rooms 
will be kept constant throughout the per- 
formance of these tasks. We feel that our 
findings will have practical significance for 
application to home, business, industrial, 
and academic situations. The instructions 
which you receive are on tape. However, 
if you do not understand them or have a 
question at any time, you should feel free 
to call for recognition. The experimenter 
is in a position above you where he can 
hear you and answer your question. Please 
do not talk to the person beside you dur- 
ing the experiment. We are beginning an 
adjustment period. During this period you 
may read any of the material of your 
choice. 


The E was able to observe the research 
activities through a heavy transparent plastic 
sheet in the ceiling of each room. 

The discrimination reaction-time trials were 
presented first. The following instructions 
were given: 


If you will return the materials to the 
holder, we shall prepare for the first task. 
This is a study of your speed of reaction, 
when the trials begin you will see one of 
the three lights on the display in front of 
you flash on, if the red light in the center 
is flashed on, you should press the key. If 
the white or green light at the edge of the 
display is flashed on, do not respond. Are 
there any questions? Lay your finger on 
the key and look at the lights. 


The response-eliciting stimulus was pre- 
sented a total of 11 times to each pair of Ss. 
The first 3 of these presentations were used 
for warm-up. 

The Purdue pegboard was used to measure 
manipulative dexterity. This test allowed 
the measurement of three levels of behavioral 
complexity—(a) left hand and right hand, 
(b) both hands, and (c) assemblies. Stand- 
ardized performance instructions were pre- 
sented for the tasks. Using scoring instruc- 
tions found in the test manual, Ss were in- 
structed to determine their own scores and 
to record the scores on a scoring sheet. 
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TABLE 1 


ANALYSIS OF THE EFFECTS OF NEGATIVE 
IONIZATION UPON BEHAVIOR 


Variable Exp. X | Cont. X t 

Reaction Time 

(sec/8trials)| 3.0470| 3.3416| 2.7719** 
Manipulative 

exterity 

Left Hand | 16.0606] 16.3535 | 1.0887 

Right Hand | 16.5252 | 16.6869 | .7129 

Both Hands | 13.8586 | 13.7171| .6218 

Assemblies |10.5556| 10.5050| .0792 

> <.01. 

RESULTS 


Discrimination reaction time.—An 
accumulative reaction-time measure 
over 8 trials was taken for each S. The 
obtained t of 277 (Table 1) was highly 
significant (p «.01). Response la- 
tency under increased negative ioniza- 
tion was 9% less than under control 
conditions. 

Manipulative dexterity.—The results 
(Table 1) reveal no difference between 
measures of dexterity under the differ- 
ent levels of ionization. However, con- 
fidence in concluding that there is not 
a difference between the scores is 
greater for more complex tasks. 


Discussion 


A significant difference existed between 
the discrimination reaction-time scores of 
persons who were exposed to negative 
ions and those who were exposed to an 
atmosphere in which the ionization level 
was not altered. Thus, under the en- 
vironmental and motivational conditions 
present, the simple behavior of depressing 
a key to the random presentation of the 
discriminative display was affected by the 
ion level of the atmosphere, The results 
indicate that negative ionization has a 
significant behavioral effect on relatively 
simple tasks but does not significantly 
influence more complex forms of behavior. 

Investigations of the influence of nega- 
tive ionization upon physiological proc- 
esses suggests that the decrease in latency 
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may be due to an increase in muscular 
excitability. Berezina (1955) found that 
negative ionization produces a diminution 
of motor chronaxy in muscles in which 
injury had completely eliminated all con- 
nection to the central nervous system. 
Vasiliev (1958) noted that the inhala- 
tion of negative ions tends to restore the 
normal negative electric charges on the 
surfaces of protein colloids of the blood 
and the colloids of the cells of muscle 
tissues. He reports an experiment in 
which cats and rabbits inhaled negative 
ions. A second animal was isolated from 
the negative ions but its blood vessels 
were joined to the first such as to allow 
cross circulation. Changes in muscular 
excitability were soon observed in the 
second animal. 

Apparently, negative ionization tends 
to have an effect upon those behavioral 
factors whose variance is highly associ- 
ated with muscular excitability. As the 
relative contribution of muscular excita- 
bility to the variance in behavior de- 
creases, the significance of negative ioni- 
zation upon the behavior will also tend to 
decrease. 

Research is needed to explore the influ- 
ence of ionization upon other behavioral 
factors, Study of the effects of ioniza- 
tion upon tracking behavior, human learn- 
ing, attention, perception, verbal behavior, 
etc, should provide additional informa- 
tion for understanding this phenomenon. 
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EFFECT OF STIMULUS SIMILARITY ON 
RETROACTIVE MASKING' 


ELIZABETH FEHRER 
Brooklyn College 


'The hypothesis that conditions which favor apparent movement also 
favor retroactive masking of the stimulus presented Ist was tested. 
Similarity between 1st and 2nd stimuli has previously been shown to be 
a determinant of apparent movement. The present study was con- 
cerned with the effect of such similarity on backward masking. The 
test stimuli were letter arrays; the masking stimuli (a) vertical lines 
separating the letters, and (b) boxes and grids surrounding the 
letters, Similarity was defined in terms of the ratio of letter to mask 
height and complexity. Accuracy of letter identification was found to 
be inversely related to the degree of similarity between test and 


masking stimuli, 


In recent experiments on metacon- 
trast masking (e.g, Fehrer & Raab, 
1962; Kolers & Rosner, 1960; Toch, 
1956), it has been repeatedly observed 
that conditions which favor masking of 
the test stimulus also produce phe- 
nomenal movement of the masking 
stimulus. Thus, although the masked 
stimulus is not perceived as such, it 
exerts an effect on the total percep- 
tion, the effect being displaced to the 
locus of the mask. The present ex- 
periment was designed to determine 
whether masking would decrease if ap- 
parent movement of the masking stimu- 
lus could be reduced. Under such cir- 
cumstances, since the test stimulus 
would contribute less to beta movement 
of the mask, it should appear more 
nearly as intense as when flashed alone. 

Beta movement is directly related to 
stimulus similarity (cf., Neff, 1936; 
Orlansky, 1940). If metacontrast and 
apparent movement are correlated 
events, then masking should decrease 
as the similarity between test and 
masking stimuli is decreased. Such 
dependence of masking on stimulus 


1 This investigation was supported by Grant 
G-19199 from the National Science Founda- 
tion. 


similarity has already been demon- 
strated in nonparametric studies by 
Toch (1956) and Werner (1935, es- 
pecially Exp. 19, p. 54). In the ex- 
periment to be reported, degree of simi- 
larity between test and masking stimuli 
was the main independent variable. 

Previous metacontrast experiments 
have employed a variety of stimuli 
such as adjacent squares, disc-ring se- 
quences, and letter-ring sequences. 
Since identification of letters is a con- 
venient dependent variable, letters were 
chosen as test stimuli. 


METHOD 


Apparatus—The exposure device was a 
Karlin three-channel tachistoscope (Karlin, 
1955). Each test stimulus was a row of four 
letters India inked on white paper with a 
No. 4 Leroy pen from the No. 425 template. 
Letter height, .38 in., subtended 40' of arc. 
The letters were spaced 0.5 in. apart. Seven 
hundred and ninety-two test sheets were con- 
structed using all letters except I, M, Q, and 
W. Each letter appeared an equal number 
of times in each of the four positions. No 
array formed a word. 

Two types of masking stimuli were used, 
(a) eight vertical straight lines, two bound- 
ing each of the letters, and (b) four outline 
rectangles, each surrounding one of the let- 
ters, Each type could be ordered on the basis 
of similarity to the letters. With the lines, 
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similarity was defined in terms of the dif- 
ference between the height of the lines and 
of the letters. Lines varying from .31 to 7.75 
in, and therefore from 5/6 to 20 times the 
letter height, were employed. The distance 
between the first and last bounding line, 3.5 
in, subtended 6° 14’. With the boxes, three 
stages of similarity (complexity) were used, 
the most similar being the series of four 
separate boxes, each .50 X .63 in, and the 
least similar a large grid constructed by ex- 
tending and joining the lines making up the 
boxes (see Fig. 1). All masking stimuli 
were drawn with the No. 4 Leroy pen. 

It should be noted that these additions to 
the most similar masks were in areas well 
removed from the test letters. There was no 
decrease in the space separating letters and 
masking lines. The additions simply served 
to incorporate the adjacent masking lines 
into progressively larger units which, since 
their size became increasingly different from 
that of the letters, should decrease beta move- 
ment and thus facilitate letter identification: 

The white paper on which all figures were 
drawn and which also was used as forefield 
had a luminance of approximately 30 foot- 
lamberts (ftl) as viewed in the tachisto- 
Scope. Two dots, horizontally separated by 
425 in. (7° 36'), were placed on the fore- 
field to indicate the area in which the dis- 
Phy would appear. Viewing distance was 

in. 

Observations were made in a normally 
lighted room. 

Subjects—Four undergraduates and the 
author served in turn as Es and Ss. All 
were well practiced before data were col- 
lected. 

Procedure—The duration of the masking 
stimuli was kept constant at 50 msec, The 
interstimulus interval (ISI) was set at 40 
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„ Fic, 1. Masking stimuli showing position- 
ing of test field letters. (Dotted lines indi- 
Cate direction of extension of line masks.) 
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Fic. 2. Exposure duration of letter arrays 
required to meet 25%, 50%, and 75% correct 
recognition criteria as a function of length of 
line masks. 


msec. Preliminary research had shown that 
masking of letters exposed for constant brief. 
durations was a decreasing function of ISI. 
ISIs between 0 and 40 msec. resulted in 
equal detection but appreciably longer ISIs 
facilitated identification (cf, Eriksen & Col- 
lins, 1964; Kietzman, 1962). 

The masking effect of each mask was 
measured in terms of the test field duration 
required to identify prescribed proportions 
of the letters. The following ascending 
method was used. First, a duration was 
chosen for S at which identification with a 
blank masking field was at an approximately 
chance level. Then, with a given mask or 
with the blank field, five test stimuli were 
presented and the number of identifications 
correct with respect to both letter and loca- 
tion was recorded. The duration was then in- 
creased by 2 msec. and five more arrays 
were presented. This procedure was con- 
tinued until 15 of the 20 letters in the series 
of five were correctly reported. Two such 
ascending series were run on an experi- 
mental day, The S was asked to guess if 
unsure of any of the letters. 

A counterbalanced sequence of masks and 
of a blank masking stimulus was prepared 
for each S. The data for three Ss are based 
on three series per mask, for the other two 
Ss on four series per mask. Four of the Ss 
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Fic. 3. Exposure duration of letter arrays 
required to meet 25%, 50%, and 75% correct 
recognition criteria as a function of com- 
plexity of box and grid masks. 


worked with the line masks; one with the 
box series. 

Observations were made at approximately 
30-sec. intervals. Stimuli were flashed fol- 
lowing a verbal ready signal. 

For each ascending series, the number of 
correct identifications was plotted against 
duration and the data points connected by 
straight lines. The test durations at which 
5, 10, and 15 of the letters (i.e, 25%, 50%, 
and 75%), were identifiable were then com- 
puted by linear interpolation. These criterion 
durations, averaged across series and Ss, ap- 
pear in Fig. 2 and 3. 

When test duration is used as the measure 
of degrees of masking while ISI is held con- 
stant, it follows that Af (difference in test 
and masking stimulus onset times) varies 
concomitantly with test duration. The values 
on the ordinates of Fig. 2 and 3, therefore, 
represent the combined effects of test dura- 
tion and At. The separate effects of these 
two variables with ISI constant is not 

known. The data of this experiment, how- 
ever, showed that the concomitant increase 
in both facilitated letter recognition and 
could, therefore, serve as a convenient de- 
pendent variable to measure the effects of 
different masks. 


RESULTS AND Discussion 


Figures 2 and 3 show that the extent 
of masking is inversely related to simi- 
larity in size between test and masking 
stimuli. Longer exposures were re- 
quired to identify letters when these 
were followed by the shorter lines and 
boxes than by the longer lines and 
Grid 2. It is interesting to note that 
the difference in the effects of the 
masks was more obvious with the 75% 
than with the lower criteria. 

No attempt was made to measure 
apparent movement directly since there 
was no suitable dependent variable un- 
der our highly complicated perceptual 
conditions. An indirect approach, how- 
ever, was used based on all Ss’ com- 
ments that, with the shorter masking 
lines, letters and lines seemed to move 
and the exact locations of the letters 
were hard to determine even when 
these were accurately recognized. We 
therefore analyzed the line-mask data 
to determine the relation between mask 
height and frequency of letter displace- 
ment. 

The score that had been recorded at 
each duration step was the number of 
the 20 presented letters that were cor- 
rectly reported in the correct position 
(Score 1). We now obtained a second 
score (Score 2), i.e., letters correct re- 
gardless of position, Since recognition 
was easier with the longer masks, there 


TABLE 1 


MEAN Gatns OF SCORE 2 over SCORE 1: 
Line Masks 


Line Mask Length (in inches) 


Blank | 0.31 


3 6| 1 
7-10 | 1 
11-14 | 0. 
15-18 | 0. 
Mean | 0. 


DEDO 
Tro Uno iR 


STIMULUS SIMILARITY AND RETROACTIVE MASKING 


were fewer duration steps available for 
these. However, all available sets of 
scores were used. 

Since gains from different bases are 
not psychologically comparable, initial 
scores (Score 1) were classified into 
the four following ranges: 3-6, 7-10, 
11-14, and 15-18. The mean gain in 
Score 2 was then determined for each 
Score 1 range. These gains, averaged 
across Ss, appear in Table 1. The data 
show considerably greater displacement 
of letters when these were followed by 
the shorter lines, a finding in support 
of our hypothesis that apparent move- 
ment should be greater with the shorter 
line masks. 

It is apparent from Table 1 that the 
differences among masks are less when 
based on Score 2 than on Score 1. 
Actually, all data were scored both 
ways and graphed. Although all Score 
2 curves are flatter, the trends are 
identical with those of the Score 1 
curves, 


At the present time there seems to be 
no adequate alternative to our explanation 
of the data in terms of a direct relation 
between masking and beta movement. If 
masking were related to the total areal 
amount of stimulation by the masks, as 
it is in simultaneous contrast (e.g, Al- 
pern & David, 1959; Diamond, 1955; 
Kaplan & Ripps, 1960) then the longest 
lines and Grid 2 should have caused the 
greatest masking. Explanations in terms 
of contour development (Werner, 1935) 
are not sufficiently precise to apply to our 
test materials. The recent impressive 
experiments dealing with spatial inhibi- 
tory influences on the activity of single 
retinal or cortical cells (e.g, Hubel & 
Wiesel, 1962; Ratliff, 1961) have em- 
Ployed stimulating conditions and time 
Sequences so different from ours that any 
attempt to relate the findings to our data 
Seems premature. 
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TRANSFER OF DISCRIMINATION ' 


FRANK A. LOGAN 
University of New Mexico 


16 rats learned a go-no-go discrimination based on tone frequency in 
an operant-conditioning situation, Initial training with very different 
stimuli facilitated learning with more similar stimuli differentially 

ing on the relative locations of the stimuli on the continuum. 
"This pattern of results was predicted by a simple excitatory-inhibitory 


model. 


One of the fundamental issues con- 
cerning discrimination learning which 
remains controversial in spite of fairly 
extensive research is whether differen- 
tial stimulus control can be adequately 
described by a theory such as that of 
Spence (1936) which posits only the 
development of excitatory and inhibi- 
tory tendencies to the absolute prop- 
erties of the stimuli, or whether dis- 
crimination learning entails two proc- 
esses (e.g., Lawrence, 1952) whereby 
S first learns to attend to the relevant 
properties of the stimuli and only then 
develops appropriate differential re- 
sponse tendencies, Of the data which 
seem most strongly to suggest the lat- 
ter approach is the finding reported by 
Pavlov (1927) that training on an easy 
discrimination facilitates (and is some- 
times even essential for) learning a dif- 
ficult discrimination along the same di- 
mension. The presumption would be 
that the originally easy problem teaches 
S which dimension is relevant, permit- 
ting him more readily to detect a small 
difference and perform differentially. 

Somewhat surprisingly, perhaps, this 
phenomenon can be derived from a 
model of the Spence type without re- 
course to additional princi- 
ples. The essence of this derivation is 


1 Supported in part by a grant from the 
National Science Foundation. I am in- 
debted to Deena Schnitman for assistance 
in running Ss. 


shown in Fig. 1 using arbitrary illus- 
trative numbers. In the upper left 
graph is shown the assumption that re- 
inforcement at the positive stimulus 
builds up excitatory (E) potential to 
that stimulus which generalizes to simi- 
lar stimuli according to the function 
given beneath the curves. It is fur- 
ther assumed that nonreinforcement of 
responses to the negative stimulus 
builds up inhibitory (1) potential to 
offset the E to that stimulus; I also 
generalizes to similar stimuli according 
to the same function. Finally, response 
tendency at any stimulus is determined 
by the difference between the E and I 
values (graphically illustrated by the 
vertical bars), and the goodness of dis- 
crimination is indexed by the difference 
between these differences at the posi- 
tive and negative stimuli. Hence, in 
the numerical illustration, direct dis- 
crimination training to relatively simi- 
lar stimuli results in a discrimination 
index of .004. 

In the upper right graph is shown 
the application of these same rules to 
training with an easier discrimination 
placed symmetrically about the ultimate 
difficult discrimination. The computed 
discrimination index to the latter is 
034 ; that is to say, a greater difference 
in response tendency to the similar 
stimuli is produced by discrimination 
training with the more different stimuli 
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than by direct training on the similar 
stimuli, 

Tt should immediately be emphasized 
that this implication is a possible, but 
not a necessary, implication of this ap- 
proach. It depends importantly not 
only upon the hypothesized shape of 
the generalization gradients but also 
— upon the particular stimulus differences 
used, This latter fact is illustrated in 
the two lower graphs where the effects 
of training on an easy discrimination 
are computed with the placement of the 
easy discrimination being such as to 
keep the positive or the negative stimu- 
lus unchanged. It will be noted that, 
although both of these lead to better 
discrimination indexes than direct 
training on the difficult discrimination, 
superior transfer should be expected if 
the negative stimulus is held constant 
(.057) than if the positive stimulus is 
held constant (.036). The purpose of 
the present study was to test this impli- 
cation as a prelude to further develop- 
ment of this type of model. 


METHOD 


Subjects —Sixteen male hooded rats were 
used as Ss, being 90-120 days of age at the 
beginning of the experiment, and housed in 
individual living cages with water freely 
available. Maintenance diet of 12 gm/day 
- was given upon removal from the apparatus. 
_ „ Abparatus-—Foringer operant condition- 

ing boxes were used with associated pro- 
graming equipment. Tone stimuli were pro- 
duced by a Foringer multiple stimulus con- 
- trol panel, modified to permit discrete selec- 
tion of audio frequency. Food reward con- 
sisted of 20-mg. Noyes rat pellets. 

Procedure.—Rats were first shaped over 
a 2-day period to press the bar for food 
_Teward, first on continuous reinforcement and 

en on variable ratio. They were then im- 
mediately shifted to the discrimination pro- 
Bram. An intertrial interval of at least 30 
_ Sec, of silence varied somewhat because two 
s xes were operated alternately by the same 
s programing equipment and because presses 

‘uring the intertrial interval postponed the 
next trial by 15 sec. Presses in the presence 

either tone immediately terminated that 
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Fic, 1. Graphic derivation of transfer of 
discrimination along a continuum. (Differ- 
ential response strength is computed between 
two similar stimuli following direct training 
on that pair or following three locations of 
an easier discrimination. Training stimuli 
are indicated without parentheses. ) 


stimulus and resulted in reward if the posi- 
tive tone was present. A dipper of water 
was automatically made available for 3 sec. 
midway through the intertrial interval. The 
rat received 100 trials/day, 50 to each tone. 
Tone duration was 5 sec. unless terminated 
by a response, The order of tones was ir- 
regularly programed in blocks of 20 trials, 
10 to each tone. 

Design—The design called for 4 groups 
of 4 rats each corresponding to the condi- 
tions described by the quadrants of Fig. 1. 
However, partially to counterbalance for pos- 
sible differences in and between the stimuli, 
half of the Ss in each condition were run 
with the reverse discrimination, ie, high- 
frequency tone positive. Thus, 2 of the 8 
rats ultimately exposed to the difficult dis- 
crimination between 1120+ and 1270— began 
training with either 1120+ and 1270— (dif- 
ficult), 860+ and 1880— (easy symmetrical), 
1120+ and 2300— (easy positive), or 640+ 
and 1270— (easy negative). The remaining 
8 rats learned the reverse discriminations, 
being ultimately exposed to 1270+ and 
1120—, with 2 being trained initially with 
1270+ and 1120— (difficult), 1880+ and 
860— (easy symmetrical), 1270+ and 640— 
(easy positive), or 2300+ and 1120— (easy 
negative). Note that the easy-positive and 
easy-negative groups learned perfectly re- 
verse discriminations on the average, and 
hence are best controlled for possible differ- 
ences in difficulty of the original task; the 
easy-symmetrical group was assigned stimuli 


groups 
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score was computed for each 5 includ- 
ing both errors of omission (not re- 
sponding to S+) and errors of com- 


mission (responding to S—) 
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last 25 days when all Ss were on the 
difficult problem. Simple analysis of 
variance of these scores yielded signifi- 
cance at the .01 level, F (3,12) = 7.4, 
and further analysis of the easy-positive 
and easy-negative, which were most 
adequately counterbalanced for diffi- 
culty of original problem, showed a re- 
liable difference in performance on the 
difficult task, ¢(12) = 3.6. 


Discussion 


The present results support previous 
findings about the positive transfer effects 
from an easy to a difficult discrimination, 
and extend these to show that all easy 
discriminations are not equally effective 
in producing this transfer. In line with 
the expectations of an absolute excitatory- 
inhibitory model, the best transfer was 
obtained when the ultimately negative 
stimulus was included as a part of the 
originally easy discrimination. 

These data do not rule out the possible 
necessity for additional perceptual princi- 
ples, and furthermore, the absolute model 
presented here is not completely adequate. 
Most importantly, it implies that errors 
of omission will predominate whereas in 
this type of single-presentation discrimi- 
nation learning, errors of commission pre- 
dominate, Ni the results sup- 
port the conclusion that there is an op- 
timal training schedule leading to any 
particular ultimate discrimination and 
suggest the promise of an incremental- 

approach. 
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CONDITIONING ACCEPTANCE OR REJECTION 
OF INFORMATION 


B. R. BUGELSKI Ax» MICHEL HERSEN 
State University of New York at Buffalo 


This investigation represents an extension of the work on controlling 
verbal behavior through reinforcement procedures. Ss were verbally 


conditioned, the present 


experiment 
aspects of verbal behavior are also 
conditioning. Moreover, it was demonstrated 
effect maintained stability over a 3-wk. interim. 


The techniques of verbal condition- 
ing have been used since Greenspoon's 
(1951) original experiment to condi- 
tion a variety of verbal behaviors. Not 
only have Ss been influenced to emit 
personal pronouns, plurals, and other 
grammatical forms, but they have also 
been affected by reinforcement proce- 
dures to respond in terms of atti- 
tudes toward categories of words in- 
cluding nationalistic references (Staats 
& Staats, 1958). Recently Carriero 
(1964) demonstrated that college stu- 
dent Ss could be influenced to reject 
Statements of information about Alaska 
which they were in no position to ac- 
cept or reject in that the information 
involved was completely novel to Ss. 
Carriero’s technique, presented in the 
guise of a teaching machine, involved 
having Ss respond “true” or “false” 
to a set of training questions presented 
one at a time. After each response S 
was informed that the statement was 
either "true" or “false.” The training 
Statements were made up of three types 
of items: obviously true, obviously 
false, and “ambiguous.” “Ambiguous” 


meant that in a prescreening operation 
approximately half of a standardizing 
group “true,” the other half 
“false.” In the training session, all 
ambi statements were labeled 
false by E, Following the training ses- 
sion, Ss took a test containing more of 
the same three types of statements. 
Instead of answering the ambiguous 
statements about half true and half 
false, the experimental Ss answered 
false to such statements significantly 
more often than did the control group. 

The t study is an extension 
of Carriero’s investigation along the 
following lines: (a) can the effect be 
obtained in group settings with the ma- 
terials ted in the form of tests 
instead of individualized booklets that 
call for special reinforcement devices 
or the of E in private ses- 
sions?, (b) can the effect be obtained 
in a positive as well as negative direc- 
tion?, and (c) does the effect persist 
over a period of time or is it restricted 
in some way to the immediate situ- 
ation? (d) Is the effect merely one of 
probability matching? 
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METHOD 


Subjecis.—In both the pretest and experi- 
mental study proper, females in introductory 
psychology classes in group settings were 
employed as Ss, In the pretest study there 
were 444 female Ss (mean age, 18.5). 

The Experimental group includes 241 fe- 
male Ss (mean age, 18.7). Control Group I 
consisted of 249 female Ss (mean age, 18.1). 
Control Group II consisted of 184 female 
Ss (mean age, 18.5).1 Control Group III 
consisted of 84 female Ss (mean age, 19.2). 

Materials—A pool of 330 short state- 
ments related to “Old Age” was constructed 
and administered in a group setting to 444 
female Ss in the form of a forced-choice true 
and false test. Ninety statements were con- 
structed to be obviously false (e.g., in heavy 
industry men over 60 are preferred to 
younger men), 90 statements were pre- 
sumed obviously true (eg, visual acuity 
diminishes with age), and 150 statements 
were designed to appear "ambiguous" (e.g. 
the average width of the collagen fibrils in- 
creases with age). A priori, it was opera- 
tionally defined that "true" and "false" state- 
ments would be those on which there was at 
least 90% group agreement. The criterion 
for "ambiguous" statements was 40-60% 
group agreement, 

From those items best meeting the desired 
criteria, a conditioning series of 16 ambigu- 


ce The authors would like to thank George 
Zimmar who helped us with the collection 
and analysis of the data. 
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ous, 16 obviously true, and 16 obviously false 
statements was selected for the Experi- 
mental group and Control Group I. For 
Control Group II, a conditioning series of 
24 true and 24 false statements was selected. 
For Positive Group III there were 32 obvi- 
ously true and 16 obviously false statements. 
The statements were mimeographed in the 
form of a typical true-false test. In the 
training series for all three groups the items 
were presented in random order with the 
stipulation of not more than three in sequence 
of any one kind of statement. One test series 
for all four groups, consisting of 16 true, 16 
false, and 16 ambiguous statements was con- 
structed. Here too, the items were presented 
in random order with not more than three 
kinds of statement in sequence. 

Procedure.—The experimental task was 
presented in a forced-choice true-false format, 
as the validation of a newly devised teach- 
ing machine program regarding “Old Age.” 
The Ss were seated in a large lecture hall in 
three groups. Instructions were given to the 
effect that the test might not follow the usual 
pattern of true-false tests (50% T and 50% 
F). This was done to avoid the possible pat- 
terning of responses, and also as an attempt 
to manipulate the awareness level through 
instructions as suggested by Ekman, Kras- 
ner, and Ullman (1963). 

The Ss were instructed to circle what they 
thought to be the correct answer to the first 
item in the Training Series. This was im- 
mediately followed by E's verbal reinforce- 
ment of True, False, or no reinforcement at 


TABLE 1 
EXPERIMENTAL DESIGN 


No. and Type of Statements and Treatments 


Experi tal Ci l I 
(BE RE arate) wy 
Training Series 
16 Ambig. RT 16 Ambig. NR 24 True RT 32 True RT 
16 True RT 16 True RT 24 False RF 16 False RF 
16 False RF 16 False RF 
Test Series 
16 Ambig. NR 16 Ambig. NR 16 Ambig. NR 16 Ambig. NR 
16 True NR 16 True NR 16 True NR 16 True NR 
16 False NR 16 False NR 16 False NR 16 False NR 


reinforced as true, RF = reinforced as false, NR = no reinforcement 


Note.—In random order for all four groups; not more than three of any kind of statement in sequence. RT = 
t. 
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all. This procedure was maintained at a 
constant and fairly rapid pace for all three 
groups throughout the 48-item Training Se- 
ries. Table 1 presents the experimental de- 
sign, indicating the reinforcement pattern in 
the Training Series for the two Controls and 
the Experimental group. Control Group II 
was utilized as a check on the validity of 
Control Group I, because it was considered 
possible that unreinforced items in the train- 
ing series of Control Group I might lead to 
the development of a response set in this 
no-reinforcement condition, possibly carrying 
over to the Extinction Series, diminishing or 
spuriously enhancing the differences between 
the Experimental group and Control Group 
I. Control Group III was run after the 
other group at the suggestion of the editor 
as a check on the possibility that Ss were 
responding in a probability-matching fashion. 
If this were the case, it would be expected 
that Ss in checking the ambiguous items on 
the test or extinction series would check ap- 
proximately 10 of the 16 test items as true. 

After completion of the training series all 
four groups were verbally instructed to pro- 
ceed on their own, answering all items (49— 
96) of the Extinction Series. The Ss were 
then required to write a short statement as 
to the purpose, procedure, and their reac- 
tions to the experiment. 

Three weeks later 47 of the 241 Ss of the 
Experimental group were retested with the 
Same extinction series to determine the sta- 
bility of the conditioning effect over a time 
period, 


RESULTS 


Table 2 presents the mean numbers 
of “true” responses made to ambiguous 
items in the Extinction Series for the 
Experimental and the three Control 
groups. Comparing the means of the 
Experimental and Control Group I 
yields a t of 10.33 (p < .001). Com- 
paring the means of the Experimental 
and Control Group II yields a t of 
8.123 (p < 001). The results in all 
three cases indicate that the treatment 
Was successful. The difference between 
Control Groups I and II was nonsig- 
nificant, indicating that both were ade- 
quate as controls. The Experimental 
group was also significantly different 
from Control Group III (£— 2.89, p 


TABLE 2 


Comparison or MEAN No. or TRUE RE- 
SPONSES TO AMBIGUOUS ITEMS IN THE 
EXTINCTION SERIES MADE BY THE 
EXPERIMENTAL AND CONTROLS 


Group N M SD t 
Experimental vs. | 241 | 10.18 | 2.78 
Control I 249| 8.01 | 2.54 | 10.33*** 
ip ad vs. | 241 | 10.18 | 2.78 
ontrol II 184| 8.07|2.59| 8.12*** 
Experimental vs. | 241 | 10.18 | 2.78 
ontrol ITI 83| 9.17) 2.39] 2.80** 
Experimental Re- 
call vs. Orig- 47 | 10.19 | 2.56 
inal Score 47| 9.87|2.56| 1.14 
Control I vs. 249| 8.01 | 2.54 
Control I1 184| 8.07|2.59| .25 
Control I vs. 249| 8.01 | 2.54 
Control III 83| 9.17 | 2.39 | 3.52*** 
Control II vs. 241| 8.07 | 2.59 
Control 111 83] 9.17|2,39| 3,33*** 
bo 01, 
wna $5. 


< .01) which was the group included 
to reveal any probability matching in- 
fluences. Control III was significantly 
different from both other control groups 
suggesting the possibility of a slight 
probability matching effect. 

Table 2 also indicates that the con- 
ditioning effect maintained stability 
over the 3-wk. interim, since the ¢ test 
for paired observations failed to yield 
significant differences. 

In response to the short, open-ended 
awareness questionnaire, only 24 of 
the 241 Ss of the Experimental group 
were able to state with any degree of 
precision the class of statements rein- 
forced as true. However, most noted 
that some form of reinforcemnt tech- 
nique had been utilized. There were 
such varied responses as: attitudes to- 
wards old age, rate of learning, the ef- 
fect of speed on learning, the pattern- 
ing of responses, etc. In view of Ss' 
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general inability to specify the class of 
statements (ambiguous) reinforced as 
true, it was concluded that at best they 
were minimally aware of the experi- 
mental design. Furthermore, a com- 
parison of the scores of the "aware" 
and "unaware" Ss did not indicate sig- 
nificant differences between the two 
groups. 


Discussion AND CONCLUSIONS 


The highly significant differences be- 
tween the Experimental and the three 
Control groups support Carriero's finding 
that a conditioning effect can be obtained 
by reinforcing ambiguous statements in 
a particular way. The scores of the Con- 
trol groups indicated an almost 50% true 
and 50% false split, as would be predicted 
by chance. It can then be assumed that 
due to the lack of the required esoteric 
information the Control Ss are unable to 
evaluate the ambiguous statements and 
respond by sheer guess. In the experi- 
mental group where critical evaluation is 
also virtually impossible the Ss are af- 
fected by E’s verbal reinforcement in the 
Training Series, and respond “true” more 
often than do the Controls in the Extinc- 
tion Series, 

It is apparent that probability-matching 
behavior, while possibly accounting for 
some of the effect, does not account for 
all of it. A number of Ss who clearly 
showed an effect of the reinforcement his- 
tory misstated the experimental arrange- 
ments and thought that “most of the state- 
ments were false” in spite of their having 
checked most of the statements as true. 

It is important to recognize that the 
present format of a true-false test prob- 
ably contains intrinsic obstacles to dem- 
onstrating either probability-matching or 
direct reinforcement effects. College Ss 
are highly experienced with such test pro- 
cedures and are probably already “pro- 
gramed” to respond in idiosyncratic man- 
ners to unfamiliar items and even to be 
suspicious of obvious items as containing 
some kinds of “tricks,” Considering such 
obstacles, the significant differences ob- 


tained suggest that the reinforcement pro- 
cedure did effect the behavior under 
observation. 

With respect to the control of and 
modifications of vérbal behavior, it is of 
importance to note that the present inves- 
tigation demonstrated that the effects of 
such conditioning could maintain stability 
over time. Serious deductions might be 
inferred from this in terms of indoctrina- 
tion theory and with regard to the condi- 
tioning that might occur in normal child 
training, teacher-student relations, and 
the “therapy interview situation.” 

The present study and the Carriero ex- 
periments contrasted with other verbal- 
learning studies suggest a number of im- 
portant differences. Instead of the rather 
simple task of emitting words, as in the 
Greenspoon study, Ss in the present ex- 
periment were required to evaluate com- 
plete statements in sentence form. By 
utilizing true, false, and ambiguous state- 
ments in a forced-choice format, Ss were 
called on to make some fine discrimina- 
tions. The experimental findings suggest 
that more complex aspects of verbal be- 
havior are also subject to the effects of 
conditioning and control. Furthermore, 
one can now add True and False, an- 
nounced by a prestige figure, to the in- 
creasing list of effective verbal re- 
inforcers. 

With respect to the "awareness" prob- 
lem, the minimal level of awareness of the 
Experimental group is attributed to the 
instructional set (validation of teaching 
machine and instructions suggesting that 
the test would not necessarily follow the 
usual pattern of true and false tests), as 
well as the complexity of the task. That 
Ss were cognizant of a reinforcement 
technique is certainly evidenced in their 
responses regarding the experimental 
procedure, yet their inability to report the 
specific class of statements reinforced as 
true is taken to indicate their lack of total 
awareness of the conditioning technique 
employed. Admittedly a short, open- 
ended questionnaire as a tool for deter- 
mining the awareness level is subject to 
some criticism. However, the long and 


oon a 


sive interview used by Speilberger, 
n, and Shepard (1962) is highly sub- 
t to postexperimental "suggestibility." 
s remains an issue that might profit 
additional empirical investigations. 
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TABLE 1 


Mean Correct RESPONSES ON THE First 
AND SECOND RECALL AND MATCHING 
Tests For THE NS AND W Lists 


Recall Test | Matching 
Correct | Total | Correct 
Pairings | Recall | Pairings 
Nonsense Syllables N 
First Test fi 1,25 3.42 
Second Test 1.31 | 2.81 | 2.00 
Words 
First Test 3.12 3.44 7.00 
Second Test 4.75 | 6.93 | 5.00 


ous control procedures were then assigned at 
random to these conditions, the restrictions 
being that each control factor occur equally 
often with each condition. The Ss were as- 
signed to the condition combinations in the 
order of their appearance at the laboratory. 
No S was dropped for failure to reach the 
learning criterion. 


RESULTS 


VD learning.—The mean numbers of 
trials to reach criterion were 8.72 for 
the NS list and 7.78 for the W list; 
this difference was not significant (F 
<1). Differences among the M-R and 
R-M groups and the interaction of 
Lists and Tests were also not signifi- 
cant (p > .05). 

Recall and matching tests—The 
mean numbers of correct pairings and 
total response recall on the R test are 
presented in the left-hand portion of 
Table 1. Looking first at the total 
number of responses recalled regard- 
less of correct pairing, it is obvious 
that more words were recalled than 
nonsense syllables on both tests, F(1, 
60) = 3295, p < 01, and that higher 
recall was found on the second R test 
(Cond. M-R), F(1, 60) = 21.19, p < 
01. Although there appears to be a 
greater gain in total recall over the two 
tests for the W list, the interaction of 
Tests and Materials was not signifi- 
cant, F(1, 60) = 3.11, p > .05. It will 
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be recalled that on the R test each S. 
was presented six stimuli which had 
been correct during VD learning and 
six which had been incorrect. An 
analysis of total recall on the first test 
revealed an average of 1.69 previously 
incorrect items and 3.00 previously cor- 
rect items recalled, F(1, 30) — 10.22, 
p «.0l. There was no differential ef- 
fect as a function of materials (F < 1). 
A similar tendency for responses which 
had been predetermined as correct in 
VD to be better remembered on the R 
test was reported by Battig et al. (Exp. 
II). 

In the previous experiments, atten- 
tion was directed towards the number 
of correct pairings given either on a 
recall test (Battig et al., 1962) or on 
the study trial (Spear et al, 1964). 
In these experiments it appeared that 
approximately twice as many correct 
pairings were obtained for the W lists 
than for the NS lists. A similar find- 
ing is shown in Table 1, significantly 
more words being correctly paired on 
the R test than nonsense syllables, F (1, 
60) = 33.72, p< 01. However, in 
terms of the argument offered earlier, 
these differences in correct pairings 
may merely reflect differences in re- 
sponse availability. A less ambiguous 
comparison is afforded by the associa- 
tive-matching test, the results of which 
are presented on the right-hand side of 
Table 1. For the two tests combined, 
approximately two times more words 
than nonsense syllables were correctly 
paired on the M test, F(1, 60) — 23.02, 
P «.0l. In direct opposition to the 
change observed in recall scores on the 
first and second R tests, significantly 
poorer matching was found on the 
second M test (Cond. R-M), F(1, 60) 
= 6.28, p « 05. The interaction of 
Tests and Materials was not significant 
(F <1). Thus, even with the differ- 
ences in response availability between 
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the W and NS lists eliminated at re- 
call, there remains a relatively large 
difference in the number of correct 
pairings between the two types of lists. 
Spear et al. found no relationship be- 
tween the number of correct responses 
for an item in VD learning and the fre- 
quency of recall on the first presenta- 
tion of the PA list. A similar analysis 
was performed on the first-test M 
scores of the present experiment. For 
this analysis the mean numbers of cor- 
rect anticipation in VD learning were 
determined for each S's correctly and 
incorrectly matched pairs. One S in 
the NS condition was not included 
since he failed to match any of the 
pairs correctly. The average numbers 
of correct responses in VD learning 
for correctly and incorrectly matched 
pairs, respectively, were 5.24 and 5.36 
for the W list and 6.01 and 6.19 for 
the NS list. These results replicate 
those reported by Spear et al. and indi- 
cate that there is little relationship be- 
tween the number of times a pair is 
correctly anticipated in VD learning 
and correct associative matching. 
Subject interview.—At the end of 
the experiment, Ss were asked to in- 
dicate how each VD pair had been 
learned. An examination of the proto- 
cols revealed that the responses could 
be classified into five categories. Ex- 
amples of these categories and the av- 
erage frequencies with which the cate- 
Bories were mentioned for the com- 
bined NS and W groups (M-R and 
R-M), respectively, are as follows: 
(a) a distinctive aspect of the correct 
member of the pair was cited, e.g., 
LEER-KILT led to an association of 
King Lear" (f = 4.56 and 3.97) ; (b) 
à response was remembered because it 
had been missed previously (f — .59 


. and 78); (c) a relationship was es- 


d between other items in the 
ist, eg., GLUT was remembered be- 
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cause other words in the list had to 
do with drinking (f =.47 and 75). 
The remaining two categories did not 
clarify how the correct response was 
selected: for (d) a relationship was 
established between both members of 
the pair, e.g., DISC-LoAM are both farm 
associations (f = .53 and 1.00) ; while 
for (e) no method could be indicated 
(f = 5.84 and 5.50). For both the NS 
and W lists, the two most frequent re- 
sponses in the interview were either a 
specification of some discriminable at- 
tribute of the correct item (36%) or 
an inability to specify the mode of 
learning (47%). 


Discussion 


The results of the R test replicated 
those of Battig et al. and Spear et al. 
Although it would seem reasonable to as- 
sume that the difference in total recall 
scores indicates, unequivocally, a differen- 
tial availability of words and nonsense 
syllables following VD learning, it is con- 
ceivable that total recall is not independ- 
ent of associative learning. That is, Ss 
may tend to withhold responses when un- 
sure of the correct pairing, even when 
they are urged to guess. Thus, differ- 
ences on the R test in correct pairings 
and total recall may be due to differ- 
ences in both availability and associ- 
ative strength. On the other hand, the 
associative-matching test removes the 
problem of differential response availabil- 
ity at the time of recall, making it pos- 
sible to compare the number of correct 
pairings between materials and to obtain 
the maximal estimate of the extent to 
which associations were formed for either 
list during VD learning. In this ex- 
periment, the results of the M test indi- 
cate that more associations had been 
formed between the members of the pairs 
in the W list. 

One interpretation of the results in- 
volves, interestingly, differences in re- 
sponse learning. Specifically, if the word 
pairs are more available during training, 
they may be rehearsed informally more 
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frequently than the  nonsense-syllable 
pairs, effectively increasing the number of 
contiguous pairings.  Arguing against 
this explanation are the results of the S 
interview which indicated that Ss do not 
admit attempting to employ both members 
of the VD pair in the learning of the VD 
list. Thus, while this explanation seems 
unlikely, it is still possible that one factor 
contributing to the greater number of 
correct matchings may be differences in 
response availability during VD training. 

The theoretical position offered by 
Spear et al. accounts for the greater asso- 
ciative matching for the W list than for 
the NS list. This theory specifies that a 
more stable representational response will 
be evoked consistently for the more highly 
meaningful items, and that “. . . maxi- 
mum learning by contiguity will occur 
when the verbal unit evokes a consistent 
and stable response . . . [p. 161].” While 
this position accounts for the difference 
between nonsense syllables and low- 
frequency words, certain findings by 
Postman (1962) indicate that maximal 
learning by contiguity may not occur with 
extremely high-frequency words. In this 
study (Exp. III), pairs consisting of 
low-, medium-, and high-frequency words 
were presented for VD learning. The 
mean numbers of trials to reach a cri- 
terion of one perfect recitation were 5.3, 
4.5, and 6.4 trials for the low, medium, 
and high lists, respectively. Postman ex- 
plains this curvilinear relationship be- 
tween rate of VD learning and word fre- 
quency in terms of the covariation of the 
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probability of occurrence of strong differ- 
ential representational responses and an 
increase in the overlap of such responses 
(and interference) among the items on 
the list with increase in word frequency, 
Thus, there may be a point at which the 
beneficial effects of consistent evocation 
of representational responses will be out- 
weighed by the interfering effects of 
within-list associative overlap. 

Finally, it should be noted that the 
repeated-measures design employed in this 
experiment introduced differential biases 
for the R and M tests. That is, there was 
à significant test effect in opposite direc- 
tions for the two types of tests. The in- 
crease in the R measure presumably re- 
flects further response learning on the 
preceding M test in which all 24 of the 
VD terms were presented. On the other 
hand, the significant decrease in match- 
ing scores probably reflects associative 
interference produced on the R test, eg. 
incorrect matchings of correctly recalled 
terms or incorrectly recalled terms. 
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cludes programming, recording and ana- 
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introductory course given at your loca- 
tion or at BRS, shakes the mystery out 
of solid state and lets you prove to 
yourself the simplicity and versatility 
of working with solid state digital logic 
equipment. 


You start off with a very brief, very 
general background on theory. The other 
99% of the time you're working with 
an operational solid state training unit. 


The first schematic may be a little puz- 
zling. Terminology is new. But after 
three days you'll whip through add-sub- 
tract counters, fixed interval programs, 
binary counters, comparator programs 
with ease. 


If you and your colleagues are inter- 
ested in having a course conducted at 
your location write to the BRS Techni- 
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advance notice. Your inquiry letter or 
call will bring a prompt reply and com- 
plete details. 
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4 Announcing a new series 


k of paperbound books in Experimental Psychology 
| CONTEMPORARY TOPICS IN EXPERIMENTAL PSYCHOLOGY 


General Editors: James Deese, The Johns Hopkins University 
and Leo Postman, University of California, Berkeley 
This new paperbound series provides a detailed and challenging introduction to 
the important problems in experimental psychology. Because the experimental 
methods are diversified and often unique to a given area, every volume vill be 
an original contribution in a specific field of experimental psychology. Each 
one will illustrate the basic problems in method as well as the important theo- 
retical concepts. The series as a whole is addressed to the undergraduate 
student and offers to the instructor a great flexibility coupled with coverage in 


depth. The books will be especially useful in undergraduate courses in experi- 


mental psychology. In addition, so 
tensive courses in introductory psychology, 


me of the volumes will be effective in in- 


while others may serve as basic or 


supplementary texts for courses in their respective subject areas. 


Ready for your classes... 
REWARD AND PUNISHMENT 


By Frank A. Logan, University of New 
Mexico and Allan R. Wagner, Yale Uni- 
versity. 1965 128 pp. $2.25 


Organizes basic principles concerning 
the effects of rewards and punishments 
on behavior. Emphasizes the stimulus, 
response, and incentive value of these 
events in relation to available research 
and possible designs for more incisive 
research. 


PERCEPTION OF BRIGHTNESS 
AND DARKNESS 


By Leo M. Hurvich and Dorothea 
Jameson, both of the University of Penn- 
Syloania. 1966 141 pp. $2.50 


Concentrates on the large amount of 
material related to the problems of 
brightness and darkness in visual per- 
ception. Centrally emphasizes the dual 
variation of the visual response in either 
a brightening or darkening direction and 
the importance of both modes of re- 
Sponse for visual perception. 


Spring, 1966.... 

HUMAN CONCEPTUAL 
BEHAVIOR 

By Lyle E. Bourne, Jr., University of 
Colorado, Scheduled for Spring, 1966 
Est. 160 pp. Tentative $2.50 

Provides a readable introduction to the 
experimental psychology of conceptual 
processes. Brings together recent re- 
search in an eclectic approach. 


Also in preparation. . . . 
DISCRIMINATION LEARNING 

By D. A. Riley, University of California, 
Berkeley 

VERBAL LEARNING 


By Rudolph Schulz, State University of 
Iowa 


EXPERIMENTAL SOCIAL 
PSYCHOLOGY 

By Jerome E. Singer, The Pennsylvania 
State University 


SCIENTIFIC METHOD 
By Michael Scriven, Indiana Univer- 
sity 


Forthcoming Spring Publication . . . 


FUNDAMENTALS OF EXPERIMENTAL DESIGN 
By Jerome L. Myers, University of Massachusetts 
This new book is a lucid and comprehensive presentation of the theory and 
methods of experimental design and analysis. The text combines an emphasis 
on understanding basic principles of design and analysis with a detailed de- 
velopment of computational formulas and an extensive presentation of numer- 


ical examples. Thoroughly class-tested, 


this book is based on lecture and 


class notes revised throughout an eight-year period. 
Scheduled for April, 1966 416 pp. Tentative $9.95 
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from Scientific Prototype 


SCIENTIFIC PROTOTYPE Reed Relay Equipment represents a second 
generation in the evolution of clip-mount operant control and pro- 
gramming equipment. Scientific Prototype Reed relay equipment 
offers such substantial improvements over standard relay equipment 
that the difference is a difference in kind rather than in degree. 


Unique S.P. design advantages 

100 cps conservative operating speed 

6,000,000,000 cycle mechanical life expectancy 

Hermetically sealed switching capsules (no lubrication, cleaning, ad- 
justment) 

Low audible and electrical noise output 

High noise immunity 

3-amp svitching capability 

Zener diode spark suppression on all outputs 

Spark suppression on all inputs 

Unmatched logical flexibility (Memory AND, Exclusive OR, for example) 

Lock-out protection against accidental power supply polarity reversal 

Local filtering against power supply ripple, transients and noise 

Dual-functionally color coded inputs and outputs 

Complete functional safety interlocks—no special programming precau- 
tions are ever required 

Extensive self latching input memory facilities—to minimize the number 
of units required per system 

Extensive use of highly derated semi-conductors (to eliminate wear at 
critical points) 

Improved ruggedness and reliability 

Compatible with existing 24-28 VDC equipment 

Comparable cost—function for function 


This is the most thoroughly field tested equipment ever introduced. 
Everything from appearance to design and component selection has 
been subjected to meticulous evaluation. 


Compare our Reed Relay equipment with any equipment available 
today. We think you will like our approach, 
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615 W. 131st Street New York 10027 
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University of New Mexico * ğ 
This experiment investigated the effect of degree of stimulus meaning, 
type of stimulus meaning, and shape complexity as factors influencing 
the transfer of predifferentiation training. 120 Ss were given pre- 
liminary paired-associate practice in labeling random shapes with 
meaningful labels and then were given a multiple-shape-recognition 
test. Shape recognition was found to depend on both degree of 
stimulus meaning and complexity; in general, meaning facilitated 
recognition whereas an inverse relation between complexity and 
recognition was obtained. The effect of type of stimulus meaning 
depended upon the particular scale employed ; stimulus meaning, defined 
either as associative consistency or association value, was found to 
be a factor influencing shape recognition, whereas associative frequency 


did not affect shape recognition. 


The present experiment investigated 
the effects of stimulus meaning and 
complexity as factors influencing the 
sfer of predifferentiation training 
a shape-recognition task, In addi- 
n, the independent effect of three 
different measures of stimulus meaning 
Was examined. Although several dif- 
“ferent measures of stimulus meaning 
lave been employed in predifferenti- 
n studies, it has been customary to 
nploy only a single measure in a 
ven study (e.g. Pfafflin, 1960; Van- 
This research was supported by a grant 
rom the National Science Foundation, GB- 
4, to the first author. Thanks are due to 
Obert L. Feuge, Nancy A. Neuber, and 


€tnon L. Pegram who assisted in the con- 
ict of the study. 


derplas & Garvin, 1959b). ^ Conceiva- 
bly, the failure to obtain consistent 
findings about the effect of stimulus 
meaning in stimulus predifferentiation 
may be associated with the use of dif- 
ferent measures of stimulus meaning. 

Arnoult (1957) has suggested that 
predifferentiation training may en- 
hance the “meaningfulness” of a stimu- 
lus by furnishing S with additional as- 
sociations for that stimulus. Presuma- 
bly, such an increase in meaningfulness 
could increase the ease with which new 
responses could be attached to that 
stimulus, or, could enhance the dis- 
criminability of that stimulus as re- 
flected by some subsequent perceptual 
task: Similarly, this hypothesis implies 
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that preexperimental associative prop- 
erties of stimuli, as well as those which 
are experimentally produced, can af- 
fect the transfer of predifferentiation 
training. In addition* to associative 
frequency Arnoult has suggested that 
the degree of *belongingness" between 
a stimulus and its response was also a 
potentially important variable in stimu- 
lus predifferéntiation. Belongingness 
can be measured in terms of the degree 
of consistency with which Ss assign re- 
Sponses to stimuli, a procedure em- 
ployed by Pfafflin (1960). Finally, in 
addition to associative frequency (AF) 
and associative consistency (AC), the 
"meaningfulness" of visual forms can 
be measured in terms of association 
value (AV) as described by Vander- 
plas and Garvin (19593). 

In two studies that explored the ef- 
fect of stimulus meaning in stimulus 
predifferentiation (Pfaffin, 1960; Van- 
derplas & Garvin, 1959b), inconsistent 
results were obtained. Pfafflin, using 
a switch-pressing transfer task, found 
that preliminary paired-associates label- 
ing practice facilitated the subsequent 
acquisition of the transfer task when 
the stimuli were of low AC but that a 
reverse effect was obtained with stimuli 
of high AC, In contrast, Vanderplas 
and Garvin found no effect of stimulus 
meaning, defined as AV, in stimulus 
predifferentiation using a shape-recog- 
nition task, Unfortunately, this diver- 
gence could have resulted not only 
from differences in measures of stimu- 
lus meaning, but also from differences 
in criterion tasks (Ellis & Muller, 
1964; Vanderplas, Sanderson, & Van- 
derplas, 1964), stimuli, and types of 
labels employed during pretraining, It 
is for this reason that an experiment 
was designed to investigate the inde- 
pendent effects of meaningfulness de- 
fined as AC, AF, and AV, level of 
meaning, and stimulus complexity on 
the recognition of random visual shapes 
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following preliminary paired-associates 
practice. 


METHOD 


Experimental design—Ten Ss were as- 
signed at random to each of 12 conditions 
of the experiment. A total of 120 volunteer 
university students served as Ss. Three 
types of stimulus meaning (AC, AF, or 
AV), two levels of stimulus meaning (low 
or high), and two levels of shape complex- 
ity (6- or 24-point random shapes) were 
employed in a 3 X 2 X 2 factorial design. 

The experiment was conducted in two 
parts: In the first part (predifferentiation 
training) Ss learned to associate a mean- 
ingful label to each of a set of eight random 
shapes. The labels were selected according 
to a procedure described earlier (Ellis & 
Muller, 1964). Following predifferentiation 
training, Ss were given a multiple-shape- 
recognition test in which they attempted to 
select from a group of shapes those shapes ex- 
perienced during predifferentiation training. 

Scaling of the shapes.—Prior to the main 
experiment 30 6-point and 30 24-point ran- 
dom shapes, selected from the Vanderplas 
and Garvin (19593) list, were scaled for 
AF and AC. Thirty-eight Ss were shown 
each shape, presented singly, and asked to 
state "what it looked like." Each shape was 
shown for 1 min. and S was instructed to 
give as many associations as he could. Asso- 
ciative frequency values were obtained by 
determining the average number of re- 
sponses to each stimulus given by all Ss, a 
Procedure common to that described by 
Noble (1952) and Mandler (1955). Asso- 
ciative consistency values were obtained by 
determining the degree of consistency with 
Which Ss assigned labels to shapes; for ex- 
ample, if half the Ss said that a particular 
Shape looked like a "crab" then that shape 
would have an AC value of 0.5. This proce- 
dure was analogous to the one described by 
Pfafflin (1960), with one exception; the con- 
sistency with which Ss assigned a class of 
labels, as distinct from a single label, was 
measured in order to permit a wider range 
of AC scale values, 

Selection of shapes.—The shapes which 
were used in the main experiment were se- 
lected from the set of 60 scaled shapes. In 
order to vary level of meaning for AC, AF, 
and AV, independently, the shapes were 
selected initially so as to comprise two sets 
which were either low or high in AC with 
Corresponding values of AF and AV kept 
as similar as possible. In analogous fash- 
ion, the shapes were again selected so as to 
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MEANING, COMPLEXITY, AND PREDIFFERENTIATION 


TABLE 1 


AvERAGE VALUES OF AC, AF, AND AV 
FOR CONDITIONS OF THE EXPERIMENT 


Meaningfulness Scale 
Shape 
Corm AC AF AV 
(Point) 
Low High | Low High | Low High 
6 |0.28 0.65| 1.72 1.77| 35.50 36.25 
24 |0.18 0.38| 1.47 1.48] 35.00 35.25 
6 |0.39 0.40| 1.43. 2.41] 36.50 34.50 
24 |0.23 0.29| 1.00 1.76| 37.75 36.75 
6 |0.54 0.54|2.00 2.01|30.25 47.25 
24 10.27 0.29 |1.35 1.53|28.25 44.50 


have two sets which were low or high in 
AF with corresponding values of AC and 
AV kept as similar as possible, The proce- 
dure was repeated for AV. Table 1 shows 
the average scale values of AC, AF, and 
AV for each condition of the experiment. 
For example, the set of 6-point shapes for 
the low AC condition had an average AC 
value of .28 whereas the high AC condition 
had an average value of .65. Corresponding 
values of AF were 1.72 and 1.77 and cor- 
responding values of AV were 35.50 and 
36.25, thus attesting to their equivalence. In 
a similar vein, low- and high-meaning shapes 
were selected for the AF and AV condi- 
tions. The table is constructed so that the 
experimental conditions are underlined and 
the corresponding matched conditions are 
shown in the same row. The restrictions 
imposed by matching the various indexes of 
stimulus meaning were such that it was not 
Possible to equate simultaneously 6- and 24- 
Point shapes for level of meaning. Inspection 
of Table 1 shows that the 6-point shapes tend 
to possess systematically higher values of 
AC and AF. 

Predifferentiation training—All Ss re- 
ceived eight paired-associate trials. The 
shapes were presented with a Bausch and 

b projector with duration controlled by 
Hunter timers, Each shape was exposed for 
a 4-sec, period consisting of a 2-sec. anticipa- 
tion interval and a 2-sec. simultaneous pres- 
entation with the response label. Labels were 
Pronounced by S; correct anticipations and 
errors were recorded. All Ss were tested 
individually. 

Recognition test.—Following predifferenti- 
ation training, all Ss were given a recog- 
nition test which consisted of presenting S 
With 16 cards, each containing a set of five 
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shapes mounted in a row. Eight of the cards 
contained a prototype, a shape experienced 
during predifferentiation, and the remaining 
four shapes were variations of the prototype. 
On the remaining eight cards all five shapes 
were variations of the prototype. Variations 
were constructed according to a method de- 
scribed by Vanderplas and Garvin (1959b). 
The Ss were instructed to point to a shape if 
they thought it was one that they experi- 
enced during predifferentiation training; if 
they thought that none of the shapes were 
ones they experienced initially, they were 
instructed to say “none.” The Ss were given 
no longer than 30 sec. for each card. Five 
types of responses were recorded: SOP, se- 
lection of a prototype shape (a correct recog- 
nition) ; SOV, incorrect selection of a varia- 
tion when a prototype was present; IR, in- 
correct rejection of shapes when one of them 
was a prototype; SIV, incorrect selection of 
a variation when all shapes were variations ; 
and CR, correct rejections of all shapes when 
all were variations. 


RESULTS 


Original learnming.—Table 2 shows 
the results of original learning on the 
predifferentiation task and indicates 
that stimulus meaning was positively 
correlated with degree of learning. In 
addition, the shapes of low complex- 
ity (6-point shapes) were consistently 
easier to learn than those of high com- 
plexity (24-point shapes). No test of 
the significance of either trend was 
made, however, since the data of pri- 
mary interest were the scores on the 
recognition test. 

Recognition performance.—The basic 
data obtained in the recognition test, 


TABLE 2 


MEAN CORRECT ANTICIPATIONS ON THE 
EIGHTH PREDIFFERENTIATION TRIAL 


Type of Meaningful: 
Level of ui. 
Meaning 


7.2 1 
T3 71 

24-Point 
Low 5.5 of 
High 5.7 6 
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the number of correct recognitions 
(SOP responses), as well as auxiliary 
recognition measures, are shown in 
Table 3. This table shows that al- 
though both stimulus meaning and 
shape complexity were factors influ- 
encing SOP responses, no overall ef- 
fect of type of meaning was present. 
An analysis of variance of the SOP 
responses showed a significant effect 
associated with stimulus meaning, F(1, 
108) = 16.74, p < .001, and a signifi- 
cant effect associated with complexity, 
F(1, 108) = 1131, p< 01. In con- 
trast, no overall effect of type of mean- 
ing was obtained, F(2, 108) = 1.73, p 
>.05. Nevertheless, an inspection of 
Table 3 revealed that the particular ef- 
fect of either stimulus meaning (M) 
or shape complexity (C) on SOP re- 
Sponses depended upon the way in 
which meaning was measured, i.e., 
upon the type of meaning (T). This 
interpretation is supported by the sig- 
nificant interactions for both T x e 
F(2, 108) = 4.62, p < 05, and T x M, 
F(2, 108) = 802, p < 001. 

Table 3 shows that, for the AC con- 
ditions alone, an increase in meaning 
was accompanied by an increase in 
SOP responses for the 6-point shapes, 
and a decrease in SOP responses for 
the 24-point shapes, indicating an in- 
teraction between shape complexity and 
meaning on SOP responses, A sepa- 
rate analysis of variance of the recog- 
nition data, based on the AC conditions 
alone, revealed a significant C x M in- 
teraction, F(1, 36) — 1470, p < .001, 
and a significant C effect, F (ele) 
5.41, p < .05. 

In contrast, Table 3 shows that, for 
the AF conditions alone, neither C nor 
M had an effect on SOP responses ; in 
turn, there was some suggestion of a 
CX M interaction. A separate analy- 
sis of variance based on only the AF 
conditions revealed no significant vari- 
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TABLE 3 


Mean No. or Correct REcoGnitions (SOP), 
INCORRECT SELECTIONS WHEN PROTOTYPE 
Was Present (SOV), INCORRECT 
Rejections (IR), INCORRECT SE- 
LECTIONS WHEN ALL SHAPES 
Were Vartations (SIV), AND 
Correct Rejections (CR) 

FOR EACH CONDITION OF 
THE EXPERIMENT 


Type of Meaning- Response Types 
fulness and. 
Level of Meaning | sop | soy | rg | stv | cr 
6-Point Shapes 
AC 
Low 4.6 | 1.8 | 1.6 | 2.4 | 5.6 
High 6.0 | 1.0 | 10 | 2.6 | 5.4 
Low 5.1} 1.1] 1.8 | 2.1 | 59 
High 5.2 | 1.9 | 0.9 | 3.0 | 5.0 
Low SONENS |.1.5 | 2.9 | 5.1 
High 6.5 | 1.1 | 0.4 | 3.3 | 4.7 
24-Point Shapes 
AC 
Low 4.8 | 1.3 | 1.9 | 3.2 | 4.8 
High 41 | 0.9 | 30 | 24 | 5.6 
Low 5.5 | 0.6 | 1.9 | 1.9 | 61 
High 48 | 1.8 | 1.4 | 2.2 | 58 
Low 3.4 | 1.8 | 2.8 | 3.7 | 4.3 
High 5.9 | 0.1 | 2.0 | 1.2 | 6.8 


ance associated with C, M, or C X M. 
Finally, Table 3 shows that, for the AV 
conditions alone, an increase in SOP 
responses was associated with an in- 
crease in both complexity and mean- 
ing. Similarly, a separate analysis of 
variance of the recognition data, based 
on the AV conditions alone, revealed 
significant sources of variance asso- 
ciated with C, F(1, 36) = 14.72, p < 
001, M, F(1, 36) = 4840, p < .001, 
and the C X M interaction, F(1, 36) 
= 67.80, p < .001. 

The additional recognition measures, 
SOV, IR, SIV, and CR are also shown 
in Table 3. No systematic variations 
in SOV, SIV, or CR responses oc- 


curred as a function of conditions of 
T, C, or M. In contrast T, C, and M 
were all factors related to IR responses. 
Fewer IR responses were made to 6- 
- point shapes, F(1, 108) = 23.01, p < 
— 001, and with the exception of 24-point 
— shapes of varying AC, IR responses 
- decreased as M increased, F(1, 108) = 
5.39, p < .05. 


Discussion 


The results indicate that AV and AC 
- are important associative properties of 
visual forms which contribute to the 
transfer of predifferentiation training in 
a perceptual task, Where stimulus mean- 
ing was measured in terms of AC, the ef- 
fect of level of meaning was such that it 
interacted with shape complexity in its 
effect on recognition. In turn, neither 
level of meaning nor shape complexity 
produced differential effects on recogni- 
tion, when meaning was measured in 
_ terms of AF. Finally, simple shapes were 
more easily recognized than complex 
Shapes, and both were more easily recog- 
“nized when the shapes were more mean- 
ingful where meaning was defined in 
terms of AV. 

It should be noted that the positive ef- 
fect of increased AV on recognition is 
at variance with the results obtained by 
Vanderplas and Garvin (1959b). They 
Teported no effect of AV on recognition 
even after 16 paired-associate trials on 
pretraining task. This discrepancy, 
ever, is not difficult to explain, since 
the experiments were essentially identical 
- except for the response labels. The pres- 
fnt experiment used meaningful labels 
‘Whereas Vanderplas and Garvin used syl- 
Tables taken from the 0% list of Glaze. It 
„quite reasonable to assume that their 
failure to find positive effects due to AV 
Was related, at least in part, to the greater 
difficulty of learning the nonsense labels. 
The problem remains as to how to ex- 
plain the positive transfer effects of AV 
‘and AC on recognition performance while 
Simultaneously accounting for the failure 
of AF to produce similar effects. Al- 
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though the available data do not suggest 
a ready explanation of this difference, 
some tentative suggestions are noted. 
Since AV reflects only the possession of 
a single association whereas AF is an 
index of the average number of available 
associations, the present findings with re- 
gard to AV and AF may imply that per- 
ceptual performance depends on the 
“meaningfulness” of the stimuli only to 
the degree that such stimuli do readily 
arouse a single association, and that addi- 
tional associations as reflected by AF 
do not contribute to further gain in per- 
ceptual performance. Despite the lack 
of a conceptual system which would read- 
ily account for such effects, the present 
findings do indicate that preexperimental 
associative properties of shape stimuli in- 
fluence the degree of transfer of prediffer- 
entiation and that future theoretical con- 
ceptions of stimulus predifferentiation 
should take into account these properties. 
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RELATION BETWEEN RESPONSE AMPLITUDE AND 
REINFORCEMENT * 


DAVID R. WILLIAMS? 


Yale University 


Although running speed in rats is generally used as a measure of re- 
sponse strength, an alternative approach, which treats running-speed 
data in a choice framework, has been proposed by Logan. The im- 
portant variable in this treatment, viz., the correlation between speed 
of running and delay of reinforcement, was studied by comparing run- 
ning speeds when the correlation was present with running speeds when 
it was absent, under a number of other conditions. No effect of the 
correlation was observed, although other experimental variables pro- 
duced differences in running speed, even in the uncorrelated condi- 
tions. The results support the use of running speed as a measure of 


strength. 


The speed at which rats run down 
runways has received two funda- 
mentally different theoretical analyses. 
(a) In the frameworks that tradi- 
tionally have been applied to this situa- 
tion (Hull, 1943; Sheffield, Roby, & 
Campbell, 1954; Spence, 1956), the ob- 
served amplitude of a response (fast or 
slow running) is taken to reflect the 
strength of a response class (the loco- 
motor habit). In theory, the strength 
of the whole class directly determines 
the amplitude or vigor of the observed 
behavior. Because response classes are 
commonly defined in terms of the ap- 
paratus (molar response definition), it 
appears somewhat gratuitous to assume 
the ready availability of an orderly 
behavioral continuum which directly 
reflects the theoretical strength of a 
class. (b) As choice situations have 


1This report is based on a dissertation 
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ments for the PhD degree at Yale Univer- 
sity. The writer is indebted to Fred D. 
Sheffield, Chairman of the dissertation com- 
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Taylor, members of the committee, for their 
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? Now at the University of Pennsylvania. 
The research was conducted while the inves- 
tigator held a Sterling Fellowship. 


received growing theoretical attention, 
several efforts have been made to in- 
corporate various "amplitude" meas- 
ures into the choice framework (Bush 
& Mosteller, 1955; Estes, 1950; Logan, 
1956, 1960). In these approaches, the 
measured amplitude of a response is 
not determined by the strength of a 
class, but reflects the outcome of 
"choices" among several alternative 
responses. Formulations of this sort 
obviate the assumption of a special, 
direct relationship between theoretical 
response strength and some behavioral 
continuum. 

Logan (1960) has presented an ex- 
tensive discussion of the related prob- 
lems of response definition, response 
strength, and response amplitude, and 
has pointed out the advantages of the 
"choice" approach to these problems. 
In his “micromolar” analysis, which 
was chiefly applied to running speed, 
the fact that faster speeds of running 
produce shorter overall delays of rein- 
forcement provides a basis for analyz- 
ing different speeds of running as com- 
peting responses (rather than as dif- 
ferent amplitudes of the same “re- 
sponse,” traditionally conceived). The 
micromolar analysis implies that, in an 
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ordinary runway, speed of locomotion 
will increase to a stable value during 
learning trials, and that speed will be 
faster for large reward than for small. 
The fact that fast running brings re- 
ward sooner is of central importance 
to these predictions. If the correlation 
between speed and overall delay of 
reinforcement was removed, the theory 
implies that the typical effects of train- 
ing and magnitude of reinforcement on 
running speed would no longer be ob- 
served. According to Logan, these 
effects reflect the influence of cor- 
related reinforcement, and not of re- 
sponse strength. The present experi- 
ments were designed to explore this 
hypothesis by abolishing the usual cor- 
relation between running speed and 
overall delay of reinforcement. 

In order to arrange the experimental 
conditions, a low-inertia running wheel, 
rather than a conventional runway, was 
used. A condition of “correlated” 
reinforcement, where fast running 
brings reinforcement sooner, was pro- 
vided by making reinforcement contin- 
gent on running a specified distance 
along the circumference of the wheel. 
Under such a "distance schedule," as 
in the runway, the faster S runs the 
Sooner reinforcement is given. In the 
other (uncorrelated) condition, rein- 
forcement was given when S turned 
the wheel for a specified time; the 
distance which S actually ran had no 
effect on reinforcement. Under such 
a “time schedule” the only require- 
ment is that running—defined as move- 
ment of the wheel above a minimal 
criterion—take place for a specified 
(cumulative) number of seconds. With 
this Procedure, fast running and slow 
Tunning produce reinforcement at ex- 
actly the same time. In both schedules, 
Speed was measured as the distance 
actually run divided by the time taken 
while running it. 

One major manipulation of these 


experiments was provided by the time 
and distance schedules. In both stud- 
ies, magnitude of reinforcement was 
also manipulated, to demonstrate that 
(at least under distance schedules) 
speed of running in the wheel appa- 
ratus shows variations similar to those 
found in the runway. Throughout 
both experiments, a yoking procedure 
was followed to equate running time 
or running distance on each trial for 
pairs of Ss. For example, if S was 
reinforced on a time schedule of 2 sec., 
its yoked partner would be reinforced 
on a distance schedule, the distance 
being that actually run by the first S 
on the corresponding trial. Although 
the schedules for these Ss differ, the 
distances actually run are the same. 
If, on the other hand, an S was rein- 
forced on a distance schedule, its yoked 
partner would run on a time schedule 
whose value was set by the time the 
first S took to run the fixed distance. 
Such a pair would run for equal times. 


EXPERIMENT I 
Method 


Subjects—The Ss were 32 albino rats of 
the Sprague-Dawley strain, approximately 
110 days of age on arrival from Charles 
River Farms, Cambridge, Massachusetts. 

Apparatus—A low-inertia running wheel 
2 ft. in diameter and mounted on ball bear- 
ings was completely enclosed in a stationary 
housing with a clear plastic door to permit 
observation of S. A quiet ratchet permitted 
the wheel to turn in only one direction, and 
it was possible to lock the wheel by means 
of a solenoid-operated brake. The torque 
required to start the wheel, .27 in. oz., was 
produced largely by a friction brake con- 
tinuously applied. Rotation of the wheel 
turned a small generator, which provided in- 
stantaneous monitoring of running speed. 
“Running” was defined as any speed greater 
than .42 ft/sec at the circumference of the 
wheel. Whenever running exceeded this 
minimal criterion, distance run (measured in 
inches along the circumference of the wheel) 
and time running were automatically re- 
corded. The wheel was fitted with a start 
box which confined the rat to the bottom. 
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It was withdrawn automatically and quickly 
at the start of each trial. 

The sucrose solutions used as reinforcers 
were presented by means of a drinking tube 
automatically inserted through a hole in the 
wheel housing for 10 sec. When inserted, 
the tube protruded 1 in. past the housing and 
its tip was 1 in. away from the circumference 
of the wheel. The tube was located at an 
angle of 45° off the lowest point of the wheel 
and behind the rat when it was running. 
There was a very distinct stimulus change 
when reinforcement was presented. The 
wheel locked abruptly and the operation of 
the brake made a modest but clearly dis- 
criminable noise. 

Experimental design.—Sixteen groups com- 

prised Exp. I, 8 fixed and 8 yoked. The 8 
fixed groups represented all combinations of 
2 schedules (distance or time), 2 lengths of 
each schedule (5.2 or 31.2 ft, and 2 or 12 
sec,), and 2 concentrations of the sucrose 
reinforcer (2% or 20%). Two Ss per group 
were randomly assigned to these 8 condi- 
tions, A yoked partner, which received the 
same concentration of sucrose, was randomly 
assigned to each of the 16 Ss in the fixed 
conditions, The value of the yoked S's 
schedule was determined on each trial by the 
distance (or time) already run by the fixed 
S on the corresponding trial. After Trial 
120 the sucrose concentrations were reversed 
for all Ss. 
j Procedure —Upon arrival, Ss were placed 
in individual living cages and allowed free 
access to food and water for 5 days. They 
were then deprived of all food for 72 hr. 
and subsequently placed on a feeding sched- 
ule of 10 gm. of ground Purina chow and 1 
gm. of sucrose mixed with water per day. 
Mean daily consumption of sucrose was the 
same for high- and low-concentration groups; 
the daily intake of sucrose given as reinforce- 
ment was determined separately for the high- 
and low-concentration groups and subtracted 
from the sucrose in the food given members 
of these groups. 

A pretraining procedure was followed be- 
fore training in the assigned conditions be- 
gan. The Ss were allowed to run freely in 
the wheel for 30 min. on 1 day and then 
given magazine training for 30 min. on an- 
other day, with the wheel locked. This 
training involved 60 presentations of the as- 
signed sucrose solution for 10 sec. at regular 
30-sec. intervals. After this procedure, Ss 
were shaped for 12 trials, by starting them 
with shorter distance or time values than 
those used in their ultimate schedules, The 
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yoking procedure was followed throughout 
the shaping trials. 

The Ss were run in rotation at 3 trials per 
day after Trial 54. Trials 1-30 were at 1 
trial per day and Trials 31-54 at 2 trials per 
day. The Ss were divided into 2 replications 
of 16 Ss each, and the order of running was 
randomized by yoked pairs within these 2 
replications. The order of running estab- 
lished at the outset was unchanged through- 
out the experiment. The intertrial interval 
varied from 45 to 120 min. depending on the 
phase of training. One S was dropped from 
the experiment when it refused after Trial 
3 at its assigned schedule (yoked long dis- 
tance) to drink the 2% sucrose solution. 
It was given ample opportunity for several 
days to drink this solution in the wheel and 
then destroyed. 


RESULTS 


Running speeds before the shift in 
sucrose concentration are presented in 
Fig. 1 and 2. These curves do not 
include the 12 shaping trials and there- 
fore start at fairly high running speeds. 
In Fig. 1, the effect of concentration is 
shown; the curves present mean speeds 
of all groups receiving 2%, and all 
groups receiving 20% sucrose rein- 
forcement. 

In Fig. 2, running speeds on distance 
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Fic. 1. Mean running speed in Exp. I at 
each sucrose concentration before the con- 
centrations were shifted, 
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Fic. 2. Mean running speed in Exp. I 
under fixed distance vs. yoked time sched- 
ules (A), and under fixed time vs. yoked 
distance schedules (B), before the shift in. 
concentration. 


and time schedules are compared. Fig- 
ure 2A shows mean speed under all 
fixed distance schedules, and under the 
corresponding yoked time schedules. 
In Fig. 2B, mean speed is presented 
for all fixed time groups and the cor- 
responding yoked distance groups. 
Mean running speeds for the last 15 
trials before the shift in concentration, 
where differences would presumably 
be maximal, are presented in Table 1. 
Mean speeds over these trials for the 
16 groups in the experiment are found 
in the body of the table. The lower 
marginal presents the mean speeds at 
each concentration, subdivided into 


TABLE 1 


MEAN SPEED ON Last 15 TRIALS BEFORE 
SHIFT IN CONCENTRATION IN Exp. I 


Fixed x Yoked 
Voked | Fi 

A Time Time e x 
2% 
Short | 2.64 | 2.63 | 1.55 | 2.77 | 2.40 
Long | 2.54 | 32 | 1.80 | 1.96 | 2.43 
2097 
Short 4.09 | 4.67 | 3.58 | 3.02 | 3.84 
m 9€ | 3.34 | 2.74 | 3.86 | 2.39 | 3.13 

3.15 | 3.36 | 2.70 | 2.58 
ems Brel etur sata ics sie went 
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speeds under the short and long levels 
of each schedule. An analysis of vari- 
ance was performed on these data. 

The effect of sucrose concentration 
over this portion of training was 
reliable; F(1, 15) 2112, p < .005. 
None of the other main effects, how- 
ever, were reliable; all failed to reach 
even the 20% level of confidence. 

Inspection of means for schedule per- 
formance in this part of training sug- 
gests that Ss matched on time (fixed 
distance and yoked time) ran faster 
than Ss matched on distance (fixed 
time and yoked distance). This dif- 
ference, reflected in the Schedule x 
Fixed-Yoked interaction, reached the 
595 level of confidence, F(1, 15) — 
5.36, p < .05. Because running order 
was randomized over all Ss, and all 
ran in the same apparatus, it does not 
seem likely that the interaction was 
the result of systematic differences in 
experimental procedure; nor can the 
difference reasonably be attributed to 
small differences in schedule value, 
since the much larger difference in level 
of schedule was not reliable. It would 
appear that this interaction resulted 
from chance in the random assign- 
ment of Ss, and would not appear 
consistently in repeated experimenta- 
tion. It should be noted that the inter- 
action did not approach significance in 
Exp. II. 

Changes in speed after the shift in 
concentration are shown in Fig. 3. 
The Ss which had received 2095 
sucrose before the shift lowered in 
speed when given 2% sucrose. Cor- 
responding, Ss shifted from 2% to 
20% increased in speed. 

Means for the last 15 trials after 
the shift are presented in Table 2. An 
analysis of variance of running-speed 
scores on these trials yielded similar 
results to the analysis of the preshift 
scores. To provide the most sensitive 
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Fic. 3, Mean running speed in Exp. I at 
each sucrose concentration, after the concen- 
trations were shifted. 


analysis, a third analysis was per- 
formed on the combined data. Con- 
centration again proved to be the only 
reliable main effect, F(1, 23) = 51.93, 
b < .001. Not only was the effect of 
schedule type insignificant in this com- 
bined analysis (F = 44), but there 
was no evidence that concentration had 
a greater effect on distance than on 
time schedules (F = .22 for the Sched- 
ule X Concentration interaction). 


TABLE 2 


MEAN SPEED on Last 15 TRIALS AFTER SHIFT 
IN CONCENTRATION IN Exp. I 


EXPERIMENT II 
Method 


Subjects —The Ss were 32 male albino 
rats of the Sprague-Dawley strain, approxi- 
mately 100 days of age on arrival from 
Holtzman and Company, Madison, Wisconsin, 

Apparatus—The basic apparatus was the 
same as in Exp. I, except for the location 
of the drinking tube. In the present experi- 
ment the animals ran toward the tube, and 
two positions were used for different groups. 
One position was at an angle of 45° off the 
low point of the wheel, and the other was 
at an angle of 65°. All other details of the 
apparatus were the same. 

Experimental design.—Sixteen groups com- 
prised Exp. II, 8 fixed and 8 yoked. The 8 
fixed groups represented all combinations of 
2 schedules (distance or time), 2 concentra- 
tions of sucrose (3% or 20%), and 2 loca- 
tions of the drinking tube (low or high). 
Sixteen Ss were assigned at random to these 
groups, 2 per group. The remaining 16 Ss 
were assigned at random as yoked partners 
to Ss in the fixed conditions. 

Procedure—Upon arrival, Ss were placed 
in individual living cages and allowed free 
access to food and water for 4 days. They 
were then deprived of all food for 72 hr. and 
subsequently placed on a feeding schedule 
which remained constant throughout the ex- 
periment. Under this schedule, 5s were fed 
10 gm. of ground Purina chow and 1 gm. of 
sucrose daily, mixed with water. Daily in- 
take of sucrose was controlled as in Exp. I. 

Before running at the assigned values, 5s 
were given a pretraining procedure. On the 
first day of this procedure, each S was al- 
lowed to run freely in the wheel for 30 min. 
Magazine pretraining, in which the drinking 
tube was presented for 10 sec. at regular 
30-sec. intervals, was scheduled for another 
day, and given to the 20% Ss, The 3% Ss 
required a somewhat different pretraining 
Procedure. It was found on beginning pre- 
training that 7 of these 16 Ss refused to 
drink the 2% concentration used in Exp. I. 
Therefore a second magazine-training session 
was given, using a 3% solution. All Ss ac- 
cepted it, and this concentration was con- 


tinued for these groups throughout the rest 
of the experiment. 


to drink the 
low concentration, and was amine 
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After the above procedure, Ss were run 
at lower values of their schedules for 2 
trials. Beyond this point, the experimental 
values of 2 sec. or 5.2 ft. were used. The 
Ss were run at 4 trials per day after Trial 
15. Trials 2-15 were run at 2 trials per 
day. As in Exp. I, Ss were run in rotation. 
The first 16 Ss and the second 16 Ss con- 
stituted replications, and a fixed running 
order was randomly set for yoked pairs 
within replications at the outset of the 
experiment. 


RESULTS 


Mean running speeds, plotted in 
blocks of 4 trials, are shown in Fig. 4 
and 5. These curves do not include 
the 2 pretraining trials. The effect of 
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Fic. 4. Mean running speed in Exp. II at 
each sucrose concentration. 


sucrose concentration is shown in Fig. 
4, which compares all groups receiving 
3% sucrose with all groups receiving 
20% sucrose. Speeds increased with 
practice in both reinforcement condi- 
tions, and the final running level for 
20% sucrose is well above the level 
for 3% sucrose. In Fig. 5, running 
speeds under the different schedules are 
compared. Figure 5A shows running 
speeds for groups matched on time, 
and Fig. 5B shows running speeds for 
groups matched on distance. There is 
no evidence that Ss running under time 
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Fic. 5. Mean running speed in Exp. II 
under fixed distance vs. yoked time sched- 
ules (A), and under fixed time vs. yoked 
distance schedules (B). 


schedules are slower that Ss running 
under distance schedules. 

Mean running speeds on the last 
16 trials are presented in Table 3. In 
an analysis of these scores, only the 
main effect of concentration was 
reliable, F(1, 16) = 44.08, p < .001. 
No effect of type of schedule was 
found. While Ss on time schedules 
ran slightly faster than Ss on distance 
schedules, this unexpected difference 
was not reliable, F(1, 16) = 2.49, p < 
.20. The effect of tube placement was 
negligible, and no interaction, including 
that between schedule type and sucrose 


concentration, reached conventional 
levels of significance. 
TABLE 3 
MEAN SPEED ON Last 16 TRIALS 
IN Exp. II 
Fixed | Yoked | Fixed | Yoked 
Di* | Time | Time | Dis | M 
2% 
Low | 2.99 | 3.94.| 2.72 | 2.95 | 3.15 
pen 3.66 | 2.99 | 2.80 | 3.08 | 3.13 
‘0 
Low | 4.76 | 4.53 | 6.04 | 4.40 | 4.93 
High | 4.62 | 4.97 | 6.08 | 4.18 | 4.96 
401 | 411 | 441 | 3.65 
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The pattern of results within Exp. II 
was very similar to that within Exp. I, 
in that concentration produced a large 
difference in running speed, but type 
of schedule did not. The most con- 
spicuous difference in results between 
the two experiments is found in the 
absolute levels of running speed: Ss 
in Exp. II ran much faster than Ss in 
Exp. I. Observation of Ss in the 
two experiments strongly suggested 
that the difference was mainly due to 
the direction of running with respect 
to the drinking tube, i.e., Ss in Exp. I 
ran away from the tube, while those 
in Exp. II ran toward it. In Exp. I, 
Ss would often stop running and ap- 
proach the place where the tube was 
presented. Occasionally, they. would 
stop at the bottom of the wheel and 
make conflicting movements, first in 
the direction of tube location, then in 
the direction of running. On other oc- 
casions, they would turn their heads in 
the direction of the tube while still 
running, which would slow their speed. 
"These conspicuous differences in degree 
of competing behavior led to the con- 
clusion that running away írom the 
tube location reduced the level of per- 
formance of 5s in Exp. I. 


Discussion 


Under the distance schedules, speeds in- 
creased during training, and were faster 
for the higher sucrose concentrations. 
These effects are consistent with both 
micromolar (choice) and amplitude in- 
terpretations of running speed, and re- 
semble effects obtained in runway studies. 
The performance of Ss under time sched- 
ules was clearly at variance with the 
micromolar analysis, (a) Speed in- 
creased during training, Because the 
speed criterion defining "running" was 
set at a low value, it is not clear that any 
increase in running speed would be ex- 
pected from the micromolar assumptions. 
(b) Ss on time schedules ran faster if 
reinforced with a high sucrose concen- 


tration. By the micromolar assumptions, 
speeds should have been the same under 
these “uncorrelated” conditions. (c) The 
correlation between the speed and overall 
delay (i.e., type of schedule) did not pro- 
duce differences in speed. This failure 
of the schedule manipulation contrasts 
with the effectiveness of learning trials 
and magnitude of reinforcement. There 
is no suggestion in the data of a theoreti- 
cally intermediate result—i.e., a greater 
effect of magnitude of reinforcement 
under distance (correlated) than under 
time (uncorrelated) schedules. In sum- 
mary, the micromolar analysis not only 
fails to account for the systematic effects 
obtained under time schedules, but it also 
fails by predicting effects where none 
were found. The effects obtained do 
agree, however, with the traditional am- 
plitude analysis. 

In showing that speed of the running 
response does not depend on a correlation 
between speed and overall delay, these re- 
sults indicate that running may be treated 
as a response class whose strength is re- 
flected by an amplitude measure. Beyond 
indicating that such response classes do 
occur, however, the data do not contribute 
a solution to the general problem of de- 
fining response classes over which an 
amplitude measure is appropriate. In 
this connection, it is worth noting that 
Spence (1956, pp. 117 f.) and Sheffield et 
al. (1954) consider speed to reflect 
strength only while actual running is 
taking place. Failure to meet this re- 
striction spuriously allows results at vari- 
ance with theoretical expectations. Thus, 
Bower (1961) showed that speed (de- 
fined as the reciprocal of time elapsed 
between opening of the start door of a 
runway and reaching a goal cup) could 
be controlled by correlated delay of rein- 
forcement. He observed that rats typi- 
cally prolonged times by learning rituals 
which conflicted with running into the 
goalbox. Bower's results agree with the 
micromolar position, but they are also 
consistent with the traditional response 
strength position, in which the strength 
Of a class determines not only response 
amplitude, but also the ability of the class 
to compete with other classes. In Bower's 
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procedure, conditions were arranged un- 
der which animals were optimally rein- 
forced for learning to make responses 
from more than one class. In conjunction 
with the results of this research, however, 
Bower's study raises the problem of ap- 
propriate response definition in its most 
acute form. 

Neither this study nor Bower's answers 
the question of whether running speed 
can be controlled by differential (corre- 
lated) reinforcement. Indeed that ques- 
tion, viz., the invariance between response 
strength and response amplitude, may de- 
pend strongly on the particular definition 
of response class that is used. The posi- 
tive contribution of the present results 
lies in their implication that (a) some 
aspects of instrumental performance are 
directly controlled by the reinforcer rather 
than "shaped"; and (b) some validity 
lies in the assumption that instrumental 
behavior is appropriately treated as con- 
sisting of classes whose members bear a 
systematic relationship to the strength of 
the class. 
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The pattern of results within Exp. II 
was very similar to that within Exp. I, 
in that concentration produced a large 
difference in running speed, but type 
of schedule did not. The most con- 
spicuous difference in results between 
the two experiments is found in the 
absolute levels of running speed: Ss 
in Exp. II ran much faster than Ss in 
Exp. I, Observation of Ss in the 
two experiments strongly suggested 
that the difference was mainly due to 
the direction of running with respect 
to the drinking tube, i.e., Ss in Exp. I 
ran away from the tube, while those 
in Exp. II ran toward it. In Exp. I, 
Ss would often stop running and ap- 
proach the place where the tube was 
presented. Occasionally, they, would 
stop at the bottom of the wheel and 
make conflicting movements, first in 
the direction of tube location, then in 
the direction of running, On other oc- 
casions, they would turn their heads in 
the direction of the tube while still 
running, which would slow their speed. 
‘These conspicuous differences in degree 
of competing behavior led to the con- 
clusion that running away from the 
tube location reduced the level of per- 
formance of Ss in Exp. I. 


Discussion 


Under the distance schedules, speeds in- 
creased during training, and were faster 
for the higher sucrose concentrations. 
These effects are consistent with both 
micromolar (choice) and amplitude in- 
terpretations of running speed, and re- 
semble effects obtained in runway studies, 
The performance of Ss under time sched- 
ules was clearly at variance with the 
micromolar analysis, (a) Speed in- 
creased during training. Because the 
speed criterion defining “running” was 
set at a low value, it is not clear that any 
increase in running speed would be ex- 
pected from the micromolar assumptions. 
(b) Ss on time schedules ran faster if 
reinforced with a high sucrose concen- 
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tration. By the micromolar assumptions, 
speeds should have been the same under 
these “uncorrelated” conditions. (c) The 
correlation between the speed and overall 
delay (i.e., type of schedule) did not pro- 
duce differences in speed. This failure 
of the schedule manipulation contrasts 
with the effectiveness of learning trials 
and magnitude of reinforcement. There 
is no suggestion in the data of a theoreti- 
cally intermediate result—i.e., a greater 
effect of magnitude of reinforcement 
under distance (correlated) than under 
time (uncorrelated) schedules. In sum- 
mary, the micromolar analysis not only 
fails to account for the systematic effects 
obtained under time schedules, but it also 
fails by predicting effects where none 
were found. The effects obtained do 
agree, however, with the traditional am- 
plitude analysis. 

In showing that speed of the running 
response does not depend on a correlation 
between speed and overall delay, these re- 
sults indicate that running may be treated 
as a response class whose strength is re- 
flected by an amplitude measure. Beyond 
indicating that such response classes do 
occur, however, the data do not contribute 
a solution to the general problem of de- 
fining response classes over which an 
amplitude measure is appropriate. In 
this connection, it is worth noting that 
Spence (1956, pp. 117 f.) and Sheffield et 
al. (1954) consider speed to reflect 
Strength only while actual running is 
taking place. Failure to meet this re- 
Striction spuriously allows results at vari- 
ance with theoretical expectations. Thus, 
Bower (1961) showed that speed (de- 
fined as the reciprocal of time elap 
between opening of the start door of à 
runway and reaching a goal cup) could 
be controlled by correlated delay of rein- 
forcement. He observed that rats typi- 
cally prolonged times by learning rituals 
which conflicted with running into the 
goal box. Bower's results agree with the 
micromolar position, but they are also 
consistent with the traditional response 
Strength position, in which the strength 
of a class determines not only response 
amplitude, but also the ability of the class 
to compete with other classes. In Bower's 


conditions were arranged un- 
animals were optimally rein- 
learning to make responses 
than one class. In conjunction 
esults of this research, however, 
dy raises the problem of ap- 
response definition in its most 


this study nor Bower's answers 
of whether running speed 
trolled by differential (corre- 
nforcement. Indeed that ques- 
., the invariance between response 


bution of the present results 


instrumental performance are 
ntrolled by the reinforcer rather 
ed"; and (b) some validity 
assumption that instrumental 
appropriately treated as con- 
f classes whose members bear a 
relationship to the strength of 
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EXTINCTION OF THE HUMAN EYELID CR AS A 
FUNCTION OF PRESENCE OR ABSENCE OF 
THE UCS DURING EXTINCTION? 


KENNETH W. SPENCE 


University of Texas 


Extinction of the eyelid CR in human Ss was investigated in the 


context of a masking situation (probability learning). 


Ss that had 


the UCS present during extinction, either alone on 3 of the trials or 
delayed on 3 of the trials, were significantly more resistant to extinc- 
tion than Ss that did not have the UCS during extinction. This differ- 
ence was shown to be interpretable in terms of a difference in drive 
level (D) only, without the necessity of assuming a difference in the 
rate of development of the inhibitory effect (In) of nonreinforcement. 
When drive is maintained the extinction of the eyelid CR proceeds in 


a relatively slow gradual manner. 


In a recent study of the extinction 
of the eyelid CR it was found that ex- 
tinction occurred much more rapidly 
in the usual or standard conditioning 
situation than when the conditioning 
and extinction were embedded in the 
context of a masking probability- 
learning task (Spence, Homzie, & 
Rutledge, 1964). With the delayed 
UCS procedure (McAllister, 1953) the 
extinction curve in the standard situa- 
tion dropped from a final acquisition 
level of 70% to 15% in the last 10 
trials (21-30). In sharp contrast, in 
the context of the masking task, per- 
formance dropped from the final ac- 
quisition level of 54% to only 33% in 
Trials 21-30. On the assumption that 
further extinction trials would have 
resulted in the group run in the mask- 
ing situation reaching a 10% level of 
responding, a comparison of the ex- 
tinction rates of the two groups was 


1 This study was carried out as part of a 
Project concerned with classical conditioning 
under Contract Nonr-1509(04) between the 
University of Iowa and the Office of Naval 
Research. The writer would like to acknowl- 
edge the assistance of Robert Patton and 
Richard Beery in the conduct of the experi- 
ment and John R. Platt in the preparation 
of the report. 


made by means of an index suggested 
by Anderson (1963). 'This compari- 
son indicated that the extinction rate 
was significantly slower in the case 
of Ss run in the masking situation. 
However, two subsequent studies that 
involved 100 and 150 extinction trials 
(Rutledge, 1963; Spence & Rutledge, 
1964) have shown that the group 
curve for Ss extinguished with the 
delayed UCS technique in the mask- 
ing situation does not drop down to 
the 10% level, but instead appears to 
level off at about 35%. Examination 
of the data of individual Ss indicates 
that the reason for this is that ap- 
proximately 30% of the Ss did not 
exhibit any decrease in response fre- 
quency and some even showed an 
increase. 

Taking into consideration the fact 
that the extinction asymptote in the 
masking situation has been found to 
be 35%, it is evident that the rate of 
extinction, ie., rate of approach to 
this asymptote, is not as slow as our 
Previous assumption led us to con- 
clude. Comparison of the rate of 
extinction of this group to a level of 
35% response with that of the stand- 
ard groups in the Spence, Homzie, and 
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- Rutledge experiment to the 10% level 
"by means of Anderson's index again 
gave a higher average index value 
(slower extinction) for the masking 
group, but the difference between the 
distributions of the indexes did not 
quite reach significance when tested 
by the Mann-Whitney U (p = .09). 
The finding of these studies using 
the masking situation, particularly the 
failure to obtain extinction on the part 
of some Ss even after a large number 
- of trials, led us to seek some other 
method of maintaining the drive level 
of S during extinction than the de- 
layed UCS technique. The modified 
procedure adopted involved present- 
ing during extinction the CS alone 
on a random half of the probability- 
learning (guessing game) trials and 
the UCS alone on the other half. 
Thus the CS was never paired with 
the UCS, but the noxious puff con- 
tinued during extinction. In order to 
maintain the average intertrial in- 
terval between successive presenta- 
tions of the UCS in the original condi- 
tioning the same as during extinction, 
the paired CS and UCS were also 
presented on only a random half of 
the guessing-game trials during ac- 
quisition. On the other half of these 
trials neither the tone nor air puff 
occurred. This procedure thus gave 
S experience during conditioning with 
guessing-game trials in which no UCS 
Was present and hence made the shift 
to extinction less discriminable. This 
Modification also had the advantage 
that it provided for less massing of the 
acquisition trials and led to a consider- 
ably higher level of original condition- 
ing than in our previous studies using 
the masking problem. Finally, the 
fact that the CS was presented on 
only half of the probability-learning 
trials provided an opportunity to 
measure the random or spontane- 
ous level of S’s blinking response. 
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Whether or not the CS and UCS were 
actually presented, the recording de- 
vice indicated the temporal location 
of the CS and UCS onset in the 
sequence of the trial events. Thus, on 
guessing-game trials on which the CS 
did not occur it was possible to meas- 
ure spontaneous eyeblinks that oc- 
curred in the 350-msec. period of the 
trial that corresponded with the time 
in which a CR was recorded when the 
CS was presented. Such measures 
were taken during both acquisition 
and extinction. 

In addition to the group described 
above in which the CS was presented 
alone on half the extinction trials and 
the UCS alone on the other half, two 
other groups were extinguished under 
different conditions. In one of these 
(Group II) the CS was presented 
alone on half of the guessing trials 
with neither the CS nor the UCS 
being present on the other half. Since 
the UCS was not present in the ex- 
tinction period, the drive level of this 
group would be lower and hence, its 
performance should be lower than 
that of Group I. In the case of the 
third group the delayed UCS pro- 
cedure was employed, thus providing 
an opportunity to compare the new 
extinction procedure with a previously 
used method of maintaining drive 
during extinction. 


> METHOD 


Subjects. —A total of 83 students from an 
introductory course in psychology was em- 
ployed. The records of 12 Ss were eliminated 
from consideration, 8 because they gave 
anticipatory responses on two of three pretest 
trials, 4 that gave 50% or more voluntary- 
form responses (cf. Spence & Ross, 1959) 
during acquisition. In addition, the data of 
11 Ss were not used as they did not attain a 
sufficiently high level of conditioning (25% 
CRs on Trials 31-50). The remaining 60 Ss 
were assigned to three groups such that they 
were approximately matched in performance 
for the last 10 trials of acquisition. Each of 
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these groups was extinguished under a differ- 
ent procedure. 

Apparatus and method of recording.—The 
conditioning apparatus was essentially the 
same as used in previous studies from the 
Iowa laboratory (cf. Spence, 1953), with the 
addition of equipment involved in the proba- 
bility-learning task (Spence, Homzie, & 
Rutledge, 1964). The CS, a 70-db., 500-cps 
tone against a background noise level of 50 
db., had a duration of 2550 msec. The UCS 
was a 1.0 psi air puff of 50-msec. duration 
delivered to the right eye through an orifice 
-062 in. in diameter, On acquisition trials 
the UCS was presented 500 msec. after the 
onset of the CS. A CR was counted when- 
ever the recording pen showed a deflection of 
1 mm. or more in the interval 150-500 msec. 
following the onset of the CS. 

Procedure.—'The conditioning and extinc- 
tion trials were embedded in a probability- 
learning or guessing-game situation as de- 
scribed by Spence, Homzie, and Rutledge 
(1964). This masking situation involved a 
centrally placed light which, when it in- 
creased in brightness from .004 to 2.95 ml., 
was a signal for S to predict or guess which 
of two smaller lights to the left or right of the 
signal lamp would light up. The prediction 
was made by pressing one of two buttons 
located at the ends of the arms of S's chair, 
The Ss were instructed that the experiment 
was concerned with the effects of distraction 
on performance in a difficult problem-solving 
task involving learning to predict which of 
the two lateral lights would come on. They 
were further informed that distracting stimuli 
in the form of an air puff to their eye anda 
tone would be given between their prediction 
and the onset of one of the lamps. The latter 
lighted up according to a prearranged 
schedule, seven times on one side and three 
times on the other, 

In the first acquisition phase, half of the 
trials were conditioning trials, while on the 
other half (guess alone trials) the CS and 
ucs were omitted. The sequence of events 
on conditioning trials was as follows: The 
signal light came on and remained on for 500 
msec. Fifteen hundred milliseconds after the 
onset of the signal light the CS came on and 
lasted for 2550 msec, The UCS was delivered 
500 msec. after the onset of the CS and 
finally, 500 msec, after the cessation of the 
CS, one of the two small lamps lighted up and 
remained on for 1000 msec, On guess alone 
(GA) trials the sequence was the same with 
the exception that the CS and UCS did not 
occur. A total of 100 trials was given in this 
period, 50 conditioning and 50 GA trials, 
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The two types of trials were arranged in a 
predetermined order such that no more than 
two trials in a row of either type occurred in 
succession and that a block of 10 trials con- 
tained 5 of each type. A photoelectric film 
programmer provided intertrial intervals of 
9, 12, and 15 sec. This provided an average 
interval of 24 sec. between conditioning trials, 
The fiftieth conditioning trial was not 
reinforced. 

In the extinction phase all Ss were run a 
total of 100 trials, half of the trials being GA 
or UCS alone trials and half extinction trials 
in which the CS was present. The procedure 
for Group I involved giving the CS without 
the UCS on half of the trials while on the 
other 50 trials the UCS alone was presented at 
its regular time. In Group II the CS was pre- 
sented without the UCS on one half the trials; 
the other half were GA trials in which neither 
the CS nor UCS occurred. In the case of 
Group III on half of the trials both the CS 
and UCS were presented but the CS-UCS in- 
terval was lengthened to 2500 msec. The re- 
maining half of the trials were GA trials. The 
order of the trials during extinction was pre- 
arranged in the same manner as in acquisition. 


RESULTS AND DISCUSSION 


A cquisition.—The acquisition curve 
for all 60 Ss of the present study is 
represented by the solid curve (A) of 
Fig. 1. For comparative purposes the 
acquisition curve (B) for 60 Ss run 
under the same conditions except that 
the CS and UCS were given on every 
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blocks of five acquisition trials, 


ing-game trial instead of on only 
half of them (Spence & Rutledge, 
1964) is also presented. The differ- 
ence in the performance levels at- 
tained by the two groups over the 
last 10 trials, which is significant 
(p « .005), presumably reflects the 
effects of the different intertrial in- 
tervals between the conditioning 
trials. In the present study this 
interval averaged 24 sec., whereas 
in the Spence-Rutledge experiment 
the average was 12 sec. 

Also shown in Fig. 1 is a curve (C) 
giving the average level of random 
blinking that occurred on the GA 
trials. All three groups (I, II, & III) 
were highly similar in the frequency 
with which they made such responses 
and, as may be seen, the frequency 
level for all 60 Ss remained remark- 
ably constant over the 50 conditioning 
trials at approximately 20%. 

Extinction.—Frequency curves of 
extinction for the three groups ex- 
tinguished under the different condi- 
tions are shown in Fig. 2. The curves 
give the percentage of eyelid closures 
occurring in the interval 150-500 
msec. following the CS as a function 
of the number of previously non- 
reinforced presentations of the CS. 


OV2 $6 7-0 iis (15-18 19-22 23-26 27-34 35-42 43-50 
Number Prevfous Nonreintorced Trials 


dio 2. Percentage of CRs during extinc- 
on as a function of previous nonreinforced 
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The values at 0 on the abscissa give 
the performance levels on the last 10 
acquisition trials for the approxi- 
mately matched groups. As may be 
seen, the groups differ greatly in the 
level of CR performance during the 
extinction trials, An analysis of 
variance of the frequency of responses 
of the three groups over all 50 extinc- 
tion trials gave an F value of 10.6 
which is significant beyond the .005 
level of confidence. Comparing the 
different groups, it is readily apparent 
that Ss (Group II) that did not have 
the UCS present during the extinction 
phase responded at a much lower level 
than Ss who did receive air puffs 
(Groups I and III), Thus, the differ- 
ences in response frequency between 
this group (1I) and Groups I and III 
were highly significant, the respective 
t values being 2.74 (p < .01) and 4.42 
(p < .005). In the case of Groups | 
and III, on the other hand, the differ- 
ence in the frequency of CRs over all 
50 extinction trials was not significant 
(t = 1.88, p > .10). These findings 
are in agreement with our theoretical 
interpretations that response strength 
(B) is, in part, a function of drive 
level (D) which, in turn, is a function 
in aversive conditioning of the pres- 
ence and intensity of the UCS. Since 
the UCS was not present in the case 
of Group II, its performance should, 
as it was, be lower than that of 
Groups I and III, in which the UCS 
was continued during the extinction 
period. 

Further examination of the curve 
of Group III reveals that, as in the 
case of Ss who were extinguished with 
the delayed UCS technique in our 
previous studies using the masking 
task (Goldstein, 1962; Rutledge, 1963 ; 
Spence & Rutledge, 1964), perform- 
ance appears to become asymptotic at 
a fairly high level of response. Thus, 
over the last three blocks (Trials 27- 
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50) Group III S's gave an average of 
44.6% CRs. The curve for Group I, 
on the other hand, exhibited a more 
or less consistent tendency to decrease 
in the last half of the extinction trials, 
reaching a final frequency level of 
26.8% in the last block of eight trials.? 

Although, as we have seen, the 
performance of Groups I and III over 
the whole extinction period did not 
differ significantly, during the last 
half (Trials 27-50) the performance 
level of Group I fell significantly below 
that of Group III (t = 2.31, p < .025). 
Just why the delayed UCS technique 
employed with Group III leads to a 
leveling off of performance at such a 
high level is not clear. Examination 
of the data of individual Ss of both the 
present and previous studies indicates 
that it is a reflection of the fact that 
about 30% of the Ss showed little or 
no decrement in response frequency 
during the extinction period. 

"Turning next to the rates of decre- 
ment in frequency of the CR in the 
three groups, consideration has first 
to be given to the asymptotes of the 
extinction curves. It will be recalled 
that the random blink rate as deter- 
mined from GA trials in the acquisi- 
tion period was approximately 20%. 
During extinction the frequency of 
these random blinks dropped some- 
what, that of Ss who did not have the 
UCS present (Group II) to an average 
of 13.7% and to an average frequency 
of 17.8% in the case of those Ss 
(Group I and III) that continued to 
have the UCS present during extinc- 
tion. While the difference between 
these values was not significant, it was 


2 The downward trend of Group I's curve 
suggests that with continued nonreinforce- 
ment its performance would have eventually 
reached the spontaneous blink level. The 
findings of a more recent study (Homzie, 
1964) indicate that somewhere in the neigh- 
borhood of 80-90 trials is required for such 
complete extinction. 
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decided to use the approximate value 
14% as the estimate of the asymptote 
of the extinction curve of Group II 
and 18% as the estimated asymptote 
in the case of Groups I and III, 
Calculation of the extinction index 
suggested by Anderson (1963) gave 
the median values .36, and .075, 
respectively, for Groups I and II (the 
lower the value of this index the more 
rapid is the decrement). Testing of 
the differences between these index 
values by the Mann-Whitney U test 
revealed that the curve of Group II 
exhibited a faster rate of decrement 
than that of Group I (p < .05).* 
Confining our discussion to the data 
of Groups I and II only, the question 
arises as to whether the faster rate of 
decrease in CR frequency in Group II 
represents a faster rate of develop- 
ment of the inhibitory effect (In) of 
the nonreinforcements, or is the 
consequence of a reduced drive level 
(D), with the rate of development of 
I, in the two groups constant. In 
order to test whether this latter inter- 
pretation was a possibility the extinc- 
tion data of these two groups was 
treated in the following manner. 
First, the frequency measures for 
successive blocks of 10 extinction 
trials were determined for each S. 
These measures were then trans- 
formed into superthreshold reaction 
potential values (Z;) and the mean 
for each of the trial blocks deter- 
mined. The solid circles in Fig. 3 
represent these transformed Z; values 


* The index value of Group III (.56) also 
differed from that of Group II (p < .05) but 
did not differ significa:ntly from that of Group 
1 (p > .10). The fact that some Ss in Group 
III do not extinguish ith the delayed UCS 
technique is a complicat; ng factor that makes 
interpretation of this ind,2x value difficult. 

* The transformation of; response frequency 
values into superthresho ld values of Æ 
involves the use of the nor, (mal integral func- 
tion as described by Spence à (1956, p. 104). 
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Fic. 3. Mean of transformed frequency of 
response values (B1/on) for blocks of 10 ex- 
tinction trials. (The curves of both groups 
e fitted by trial and error except that the 
for Group II was made using the same rate 
growth parameter—#—for the development 
of inhibition—7,—as in the case of Group I.) 
Bo 
4 for Group I and the open circles the 
values of E; for Group IL The 
smooth theoretical curve fitted to the 

" transformed empirical points of Group 
E I was obtained by means of the follow- 
g equation : 


Be DT = T.) [1] 


Mise D — 1, H — 3.5, and I, is the 
1 following exponential function of the 
successive blocks of 10 nonreinforced 
trials (n) : 


Tn = 19 —19(1—.4) 


"The smooth curve running through 
e empirical E; values of Group II 
as determined by assuming that the 
te of growth of I, in this group was 
- the same as in Group I, but that the 
a drive level (D) was lower, ien 7 
- instead of 1.0. The goodness of the 
tof this curve to the empirical points 
dicates that the faster rate of 
` decrement in the response strength 
f Group II may be derived by merely 
ssuming a reduced level of D and 
us does not necessarily imply a 
faster rate of development of the in- 
hibitory factor than in Group I. 

‘A final point of interest has to do 
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with two alternative conceptions as 
to how the inhibitory effect (J,) of 
nonreinforced trials interacts with 
habit strength (H) and drive level (D) 
to determine the effective excitatory 
strength (H,) of the CR. The 
equation employed above, 


E, = D(H — In) 


is one that the writer has favored in 
connection with extinction data in 
the aversive conditioning situation. 
An alternative formulation frequently 
used by the writer assumes the 
following: 


Ër = DH —In [2] 


A test of these alternative sets of 
assumptions is provided by the differ- 
ences between the #, values of Groups 
I and II for the different values of n. 
Thus, according to the first of the 
above equations: 


Ej = D,(H — In) 
Bit = DH — In) 
Ej — By! = (Dı — D3(H — In) 


and in the case of Hull's original 
formulation: 


Ey = Di - 
E," = D4H — In 
— Ej! = (Di — D3)(H) 


Thus, it may be seen that the two 
formulations differ in their implica- 
tions as to how the differences be- 
tween the É; values of two groups 
differing in drive level, D should vary 
as a function of the number of non- 
reinforced trials during extinction. 
According to Equation 2, the differ- 
ence, Hy! — — £1", should be constant. 
The alternative assumption, on the 
other hand, leads to the implication 
that the difference between the E; 
values for the two groups will decrease 
as a function of z. 
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Figure 4 presents the data relevant 
to these derivations. Represented on 
the ordinate of this group are the 
difference values, E;/ — E; for the 
two groups (I and II) as a function 
of the number of nonreinforcemerits 
(n). As may be seen these difference 
values decrease as a function of n and 
thus support Equation 1 and not 
Equation 2, 


In concluding it should be noted that 
the technique employed in the extinction 
phase of Group I avoids the confounding 
factors that appear to be operating in 
the methods used with Groups II and 
III. Unlike the procedure used in Group 
II of omitting the UCS, the Group I 
technique maintains drive strength (D) 
at the same level as during acquisition. 
While the method of delayed pairing of 
the UCS with the CS used with Group 
III also controls for drive level, this 
procedure seems to continue to reinforce 
the CR in some Ss with the result that 
the group curve of extinction does not 
return to the spontaneous blink rate but 
instead becomes asymptotic well above 
this level. It is the writer's belief that 
the method of extinction used with 
Group I provides the most satisfactory 
picture yet obtained of the developing 
effects of nonreinforcement in human 
eyelid conditioning. As such it provides 
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a strikingly different picture from the 
rapid and precipitous decrement in CR 
frequency that occurs when cognitive 
factors are not controlled. The curves of 
Fig. 3 suggest that extinction of this type 
of aversive CR is a relatively slow 
process, requiring, in the present in- 
stance, 80-90 trials to reach the random 
level of response. 
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ISOLUTE JUDGMENT OF D 


AND FE 


N. McK. AGNEW, SANDRA 


levels of induced muscle tension 


bias in an absolute judgment of 
results and long exposure time 


significantly facilitated accuracy 


feedback condition. 


This study is designed to test the 
ects of brief muscle tension on the 
cessing of simple, visually presented 
muli in an absolute judgment of dis- 
task. While there is evidence 
strong induced muscle tension 
to impairment of performance on 
s tasks (Meyer, 1953; Pinneo, 
; Shaw, 1956; Shore, 1958; 
‘Stauffacher, 1937) experimental con- 
ditions confound arousal and distrac- 
tion effects since S is required to di- 
vide his attention between monitoring 
k stimuli and keeping induced mus- 
' tension high. However, there is 
lence that physiological effects of 
will persist for some time after 
arousal stimulus and that stimulus 
as well as stimulus onset may 
ve an arousal function (Weinberger 
t Lindsley, 1964). "Therefore, it may 
de possible to isolate arousal and dis- 
ction effects by introducing induced 
tension for a brief period just 
Prior to the display of the stimulus 
.. This research was supported by the Na- 
tional Institute of Mental Health, United 
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judgments and reduced response bias. 


ISTANCE AS A FUNCTION OF 


INDUCED MUSCLE TENSION, EXPOSURE TIME, 


EDBACK * 


PYKE, ann Z. W. PYLYSHYN 


University of Saskatchewan 


With knowledge of results as a between-group variable, and with 2 


and 2 levels of exposure time as 


within-group variables, 36 Ss were tested for accuracy and response 


distance task. Both knowledge of 
significantly facilitated accuracy of 
Induced muscle tension 
of judgments, and interacted with 


knowledge of results yielding greatest facilitation under the no- 


to be judged rather than forcing S 
to maintain induced muscle tension 
throughout the display. 

The exposure duration of the stimuli 
to be judged was systematically varied 
as was knowledge of results. Feed- 
back should operate to reduce the level 
of difficulty of the task, thereby im- 
proving accuracy of judgment. If the 
arousal effects are a function of task 
difficulty as Taylor (1956) and Farber 
and Spence (1956) suggest, feedback 
might be expected to produce differ- 
ential effects under different arousal 
conditions. 

METHOD 


Subjects—The sample for this experiment 
consisted of two groups of students from the 
University of Saskatchewan, one (N — 20) 
given knowledge of results during the course 
of the experiment and the other (N — 16) 
given no such information. 

Stimulus display.—The display consisted of 
two small (3 in. diameter) spots of light 
separated by varying distances along the 
horizontal dimension, which were projected 
on an 8X 14 ft. blank wall in a darkened 
room. No fixation point was provided since 
it was felt this would facilitate judgment of 
the small distances. Likewise, there was no 
reference frame resulting from the projec- 
tion which could have facilitated judgments 
of the larger distances. The distance be- 
tween the spots, which constituted the di- 
mension to be judged, was varied from 1.9 


649 


650 


to 38 in. in 20 equal steps representing visual 
angles of from 1,4° to 27°. The display was 
prepared by drilling small holes in 2 X 2 in. 
brass plates and projecting them automati- 
cally from a 300-w. 35-mm. slide projector. 
The display time was controlled by a ta- 
chistoscope shutter mounted on the projector 
lens. Two values of exposure time were 
used, 10 msec. and 1 sec. The order in which 
the long and short exposure conditions were 
presented was counterbalanced. 
Procedure—To minimize irrelevant cues, 
the experimental room remained dark except 
for a 3-sec. interval when a small (7-w.) 
lamp illuminated S's’ writing area. The Ss 
were first shown the 20 possible distances in 
order from the shortest (Number 1) to the 
longest (Number 20) and each was named 
by its rank number as it was presented, 
Following this Ss were given four blocks of 
20 randomized slides with the restriction that 
each distance appear once in each block, Ex- 
posure sequences over blocks were alter- 
nated, that is, half of the Ss were adminis- 
tered the blocks in the long, short, short, 
long exposure-time sequence and the re- 
mainder given the short, long, long, short 
Sequence. The Ss were given a 2-min. rest 
interval following each block of 20 slides, 
All Ss were tested under both strong and 
mild induced muscle tension for each ex- 
Posure condition, The order of tension con- 
ditions was also counterbalanced across blocks 
with half the Ss tested under the strong, 
mild, strong, mild tension sequence and with 
the other half the tension conditions were 
reversed. Thus, within each of the two 
groups (feedback and no feedback) there 
were, four subgroups, each with different 
combinations of exposure and tension se- 
quences, Conditions of strong tension were 
produced by instructing Ss to squeeze a 
dynamometer as hard as they possibly could 
—as if they were trying to break it. Under 
mild tension conditions, Ss were told to 
exert mild pressure similar to that employed 
in shaking hands. 
! For each stimulus presentation the follow- 
ing procedure was used, First S squeezed 
the dynamometer as instructed for approxi- 
mately 3 sec. After the dynamometer had 
been released the stimulus was projected for 
a predetermined length of time. Following 
the projection of the slide a desk lamp was 
turned on for 3 sec. enabling the judgments 
and dynamometer readings to be recorded, 
The room remained in darkness for 12 sec. 
more until the next stimulus was presented. 
Dark adaptation in this short time was not 
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sufficient to allow any details of the dark- 
ened room to be perceived. During this pe- 
riod the correct value of the previous stimuli 
was announced to those Ss in the feedback 
group. The sound of the automatic slide 
changer placing the next display into its 
projection position provided a cue for Ss to 
get ready for the next stimulus. Continuous 
heart-rate recordings were obtained from all 
Ss using a Sanborn polyviso cardiette. The 
selection of this measure is based on work 
by Malmo (1962) and his students (Pinneo, 
1961; Schnore, 1959). 

Performance measures.—Two performance 
measures were used. The error score, root- 
sum-square error (RSS), measures the size 
of the difference between the stimulus dis- 
tance presented and the response distance as- 
signed to it by S. This measure is obtained 
by taking the square root of the sum of 
squares of the difference between the stimu- 
lus and response categories for each of the 
20 judgments in each block. This score is 
linearly related to the root-mean-square 
(RMS) deviation between stimulus and re- 
sponse, in measurable units, according to the 
following formulae: RMS deviation in inches 
=.43 X RSS; RMS deviation of visual angle 
in degrees =.3X RSS, A response uncer- 
tainty score H(r) was also employed. This 
score measures the degree to which the in- 
dividual is biased in his overall use of the 
available response categories, 


R 
H(r) = loggN — (1/N È n, loganr) 
rl 


where N = number of judgments, R = num- 
ber of response categories (20), r =a given 
response category, and n, = number of times 
a given response category was used. Eriksen 
and Wechsler (1955) investigating the ef- 
fects of stress on absolute judgment of dis- 
tance found a tendency for stress S's to use 
more stereotyped response patterns. 


RESULTS AND Discussion 


Figures 1 and 2 illustrate the effects 
of feedback, tension, and exposure con- 
ditions for the RSS error scores and 
the response bias scores, respectively. 
Table 1 presents the analyses of vari- 
ance results for these two measures. 
The results of a more detailed analysis 
of variance including complex interac- 
tions indicated that a pooled error term 
was appropriate. 
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TABLE 1 
ANALYSIS OF VARIANCE OF RESPONSE Bias AND ROOT-SUM-SQUARE 
Error Scores 
Root-Sum-Square Error Response Bias 
Source df 
MS F MS F 
S: 35 29.26 
EREN (F) 1 223.72 9.50* ATA 6.63* 
Error 34 Ode 071 
ithi 108 1 
don ta) 1 46.38 9.39* 035 1.21 : 
Exposure (C) 1 83.73 16.95*** .196 6.76 
AXC 1 19.32 3.91 064 2.21 
AXF 1 83.47 16.90 *** 004 <1,00 
CXF 1 9.87 2.00 070 2.41 
Error (Residual) 103 4.94 029 
woe) < oi 


Errors in judgment —Errors of judg- 
ment are reduced by induced tension 
(p < .05), by exposure (p < .001), 
and by feedback (p < .05). 

The long exposure effects are in 
agreement with our previous findings 
on this task (Agnew, Pyke, & Pyly- 
shyn, 1962; Pylyshyn & Agnew, 1962). 
The reduction of error with feedback 
is in keeping with the generally ob- 
served facilitating effects of feedback. 
The feedback effects are more notice- 
able under short exposure conditions. 
The facilitating effects of tension are 
not.simple, since tension and feedback 
interact (p < 001). It is under the 
no-feedback condition that the facili- 
tating effects of induced muscle ten- 
sion are found. If it is assumed that 
no feedback increases task complexity, 
the facilitation effects of induced mus- 
cle tension are found when the task is 
more complex. Thus, while any one 
of the three conditions (exposure dura- 
tion, feedback, and tension) serve to 
improve performance, when any two of 
the conditions are operative the intro- 
duction of the third condition leads to 
little or no improvement. 

Response uncertainty —From Fig.2 
and Table 1 it is apparent that feed- 


back served to reduce response bias 
(p <.05) as does increased exposure 
duration (p < .05). Thus, Ss under 
these conditions use a greater number 
of the 20 response alternatives than 
they do under no-feedback and under 
short exposure conditions. There is 
however no evidence that induced mus- 
cle tension affects the number of re- 
sponse alternatives employed by Ss 
throughout the experiment. 

Heart rate.—Figure 3 demonstrates 
the effect on heart rate of mild and 
Strong tension and of rest under the 
conditions of this study. Strong ten- 
sion, regardless of order, increases 
heart rate over the mild tension or rest 
conditions. The heart-rate data are 
based on the following procedure. At 
standard points three 1-min. readings 
per S were taken during each of the 
four absolute judgment blocks and dur- 
ing initial and final rest. A Friedman 
two-way analysis of variance was per- 
formed on the ranked heart-rate data 
comparing high tension with low ten- 
sion conditions. This analysis is based 
on pooling the three 1-min. heart-rate 
readings per block yielding four col- 
umns (two low tension and two high 
tension) and testing across order of 
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tension conditions. The analysis indi- 
cates a significant positive effect of ten- 
sion on heart rate, x*, (3) = 38.54, p < 
.001. 


It was noted in the introduction that 
the previously reported impairment of 
performance under high induced muscle 

. tension may be due, in part at least, to 
the distracting effects on S of having to 
divide his attention between monitoring 
and manipulating his muscle tension and 
attending to task-relevant stimuli. The 
results of this study indicate that when 
the distraction factor is minimized, 
through having S squeeze the dynamome- 
ter for a brief period just before, but not 
during, the display of the stimuli to be 
judged, the performance is facilitated 
rather than impaired. It is suggested, 
therefore, that the most parsimonious ex- 
planation of the previously reported im- 
pairing effects of high induced muscle 
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tension may be in terms of increased task 
complexity due to divided attention or 
response incompatibility factors. If this 
is the case, there is no need to invoke 
the hypothesized inverted U relationship 
(Duffy, 1962, pp. 159-160), between per- 
formance and arousal level, with respect 
to induced muscle-tension data at least. 
As noted by Malmo (1962) performance 
decrement is by no means wholly depend- 
ent upon arousal. He cites evidence oi 
performance decrement on auditory track- 
ing as a function of divided set and in- 
dependent of physiological indexes of 
arousal. 

The question remains how to interpret 
the facilitative effects of induced tension 
on absolute judgment. First, the heart- 
rate findings give a basis for assuming 
some form of physiological arousal or 
hyperactivity following induced muscle 
tension. Next, as noted in the introduc- 
tion, in tasks involving competing re- 
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sponses the main evidence of the effects 
of increased drive or arousal points to 
performance impairment (Jones, 1959; 
Shore, 1958; Spence, Farber, & McFann, 
1956; Taylor, 1956). Since we obtained 
performance facilitation under induced 
muscle tension in a task involving re- 
sponse competition, it does not appear 
that brief induced muscle tension, just 
prior to the display to be judged, should 
be interpreted as comparable to some of 
the usual forms of drive induction. 

One interpretation is that under our 
conditions induced tension could be con- 
ceived in terms of serving a vigilance or 
alerting function. In reviewing theories 
of vigilance Frankmann and Adams 
(1962) propose that arousal theory ap- 
pears to fit the data relatively well. As 
they point out, arousal theory predicts 
that in situations of low stimulus vari- 
ation, performance should be maintained 
at a higher level under conditions with 
increased variety, or strengths, of either 
peripheral or relevant task stimuli, In 
an experiment like ours which involved a 
sound-reduced situation and one which 
was in darkness throughout most of the 
experiment, brief induced muscle tension 
just prior to the display may be con- 
ceived as serving a general alerting func- 
tion, As the absolute judgment task be- 
comes less difficult, under feedback or 
long exposure conditions, the necessity 
for high vigilance may become less criti- 
cal It will be recalled that the facilita- 
tive effects of induced muscle tension 
were less pronounced under the long 
exposure and feedback conditions. 
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Ihen light adaptation is measured 
‘change in absolute threshold, it is 
ively slow, requiring as much as 
n. for completion (Wald & Clark, 
). In contrast, light adaptation 
ars to be rather rapid when it is 
red as the change in luminosity 
the adapting stimulus, complete 
ptation occurring in no more than 
m. (Geldard, 1928). "These very 
tte rent rates suggest that different 
focesses are responsible for threshold 
inge and luminosity change during 
t adaptation. 

It would be of interest to know 


"cause adaptation to vibrotactile stimu- 
n and recovery from it do not pro- 
ed so rapidly that accurate measure- 
is difficult, and because precise 
"dee control of sustained vibro- 
ile stimuli is easy. 
though there are some rather old 
easurements of vibrotactile adapta- 
on with absolute threshold methods 
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VIBROTACTILE ADAPTATION AND RECOVERY 
MEASURED BY TWO METHODS * 


J. F. HAHN 


University of Virginia 


Tactile adaptation to sinusoidal vibration of 200 » peak-to-peak 
amplitude on the index fingerpad was measured by absolute threshold 
and matching methods. The temporal course of adaptation was the 
same in both cases, with adaptation still progressing after 25 min., 
but threshold change was always greater than the change in subjective 
magnitude by a factor of 28. Recovery from adaptation was somewhat 
more rapid for subjective magnitude than it was for absolute threshold. 
The concept of “stimulus failure” as originally formulated does not 
account for the data, but some modification of it may do so. 


(Cohen & Lindley, 1938; Weddel & 
Cummings, 1938), and some recent 
measurements of the early stages of 
adaptation by subjective magnitude 
matching methods (Békésy, 1959), 
there are no data in the literature which 
permit a direct comparison of the re- 
sults of the two methods. The ex- 
periment reported here makes this com- 
parison, and also makes a similar com- 
parison for recovery from adaptation. 


METHOD 


The stimulator was a short cylinder, 6 mm. 
in diameter, driven by a Goodmans V-47 vi- 
bration generator so mounted and counter- 
weighted that it exerted a static pressure 
of 20 gm. on O's index fingerpad as he 
rested it on the contactor during adaptation 
and recovery. House current at 60 cps was 
stepped down by a fixed transformer and ad- 
justed with a variable autotransformer be- 
fore being led to the vibration generator. 
Stimulus intensities were recorded as volt- 
ages across the generator's coil, measured 
by a Ballantine Model 300 voltmeter. These 
voltages had been calibrated against the 
peak-to-peak vibration amplitude of the 
contactor, measured under stroboscopic illu- 
mination by means of a microscope with a 
filar micrometer eyepiece. 

Threshold measurements were made with 
the apparatus described above. For measure- 
ment of subjective magnitude by matching, 
a duplicate apparatus for the corresponding 
contralateral finger was added, and O kept 
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one index fingerpad on each contactor during 
adaptation and recovery. 

Observers.—The author and two graduate 
students? served as Os. One O's previous 
experience with vibrotactile psychophysical 
judgments consisted only of a short period 
of familiarization prior to the experiment ; 
the other Os had had considerable previous 
experience. 

Procedure—A modified method of limits 
was employed both for absolute threshold and 
for matching measurements, the increase of 
stimulus intensity being continuous rather 
than stepwise. Only ascending series were 
used, descending series being omitted in 
order to decrease the adaptation caused by 
the measurement operations themselves. 

Matching comparisons were successive, 
rather than simultaneous, in order both to 
avoid masking (Sherrick, 1964) and to mini- 
mize the time the standard stimulus had to 
be presented to the recovering finger. The 
standard stimulus was a l-sec. presentation 
of the adapting stimulus, described below. 
The resulting time-order error was such 
that a first stimulus of 200 # Was matched by 
a second stimulus of 180 m. The effect on 
the data of this error was minimized by the 
method of treating the data, the values of 
each O's adapted matches being expressed as 
their ratios to the value of his unadapted 
match. 

The adapting stimulus was set at the mod- 
erate amplitude of 200 # peak-to-peak, which 
at 60 cps was a mean sensation level for the 
three Os of 34 db. There were eight dura- 
tions of adaptation, ranging from 10 to 1500 
sec., with recovery being measured for from 
120 to 600 Sec, depending upon the time 
needed for complete recovery. All measure- 
ments were made on both the right and left 
fingerpads of the three Os. With the abso- 
lute threshold method there were 7 measure- 
ments, and with the matching method there 
were 12 measurements, on each of the two 
fingers of each of the Os for each data point 
of the adaptation and recovery functions. In 
each replication, all combinations of method 
of measurement, duration of adaptation, and 
finger adapted Were represented, 

There were two chief sources of Systematic 
error in the measurements. One was the 
time-order error already referred to in the 
description of the matching experiment, The 
second was the recovery. Occurring after the 
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termination of the adapting stimulus, before 
the first measurement could be made. Tn the 
absolute-threshold measurements the mean 
duration of recovery between the end of 
adaptation and the first threshold measure- 
ment was 11 sec. From backward extrapola- 
tion of the threshold recovery function, it is 
estimated that this time for recovery resulted 
in the threshold adaptation function being 
about 1.5 db. too low. In the matching meas- 
urements, there were 5 sec. of recovery be- 
tween the end of adaptation and the first 
presentation of the standard stimulus to the 
adapted finger. From backward extrapola- 
tion of the recovery function for the match- 
ing measurements, it is estimated that this 
duration of recovery resulted in the match- 
ing adaptation function being about 1.0 db. 
too low. After the main experiment was 
concluded, one session was devoted to a 
control experiment intended to assess the 
effects on O's sensitivity of such factors as 
the static pressure of the contactors and the 
requirement that Os remain in a fixed 
position during adaptation. Each O rested 
his fingers on the contactors as he had during 
matching experiments, After four successive 
threshold measurements and four successive 
matching measurements, O maintained his 
fingers in position for 1500 sec. as if being 
adapted, but no vibratory stimulus was pre- 
sented. Threshold was again measured four 
times, and then four matching measurements 
were made. 


RESULTS 


Adaptation data obtained by the 
threshold and matching methods are 
plotted together in Fig. 1 in order to 
show clearly that the same temporal 
course of adaptation was indicated by 
both methods. From a comparison of 
the left and right ordinates of Fig. 1, 
however, it is apparent that the amount 
of adaptation shown by the two meth- 
ods was different, the relative change 
being 2.8 times greater for absolute 
threshold than for subjective mag- 
nitude. 

Figure 1 also shows that recovery, 
unlike adaptation, did not follow the 
Same temporal course in both experi- 
ments. Recovery of subjective magni- 
tude was more rapid than threshold re- 
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p Vibrotactile adaptation and recovery on the index finger. 
sinusoidal vibration at 60 cps and 200 œ peak-to-peak amplitude. 


(Adapting stimulus : 
Use left ordinate for 


threshold data, right ordinate for data from matching of subjective magnitudes.) 


covery, except possibly when recovery 
was near completion. 

Subjective magnitude is thus less af- 
fected by an adapting stimulus than the 
absolute threshold is, and at the ter- 
mination of adaptation returns to nor- 
mal somewhat more quickly. 


Discussion 


Vibration applied to the skin stimulates 
the sense of touch (Geldard, 1940a, 1940b, 
1940c), and adaptation of the sense of 
touch involves the concept of “stimulus 
failure.” Nafe and Wagoner (1941) 
clearly showed that tactile adaptation to 
Moderate static pressures involved little 
if any sensorineural change, but resulted 
Primarily from the elasticity of the skin 
Slowing the rate of skin deformation in- 
duced by a constant static pressure until 
is tate fell below that required to stimu- 
ate. It is thus the stimulus that fails 
uring touch adaptation, not the receptors. 

n the present experiment there was 
cu stimulus failure with respect to 
; static pressure of the vibrotactile con- 
actor, but there are several reasons to 
TN that this was a negligible factor in 

aptation to vibration, First, the tissue 


elasticity which opposed the static pres- 
sures of Nafe and Wagoner’s weights 
with steadily increasing force would the- 
oretically transmit sinusoidal vibrations 
without change over time as long as the 
elasticity remained unchanged. Second, 
in the Nafe and Wagoner data for 
weights comparable in size and static 
pressure to the contactors of this ex- 
periment, stimulus failure was complete 
in less than half a minute, while in the 
present experiment adaptation was still 
occurring after 25 min. Third, the data 
of the control experiment indicate that 
stimulus failure of static pressure had 
negligible effect on vibrotactile sensitiv- 
ity. After 25 min. of adaptation to static 
pressure there was a mean change of 
+0.3 db. in matching and —0.9 db. in 
absolute threshold. Both changes are op- 
posite in sign to those produced by adap- 
tation, are relatively small, and doubtless 
reflect normal variability. 

At present there is no good explanation 
of vibrotactile adaptation, though its rela- 
tively slow progress suggests that the 
chief factor is a change in the transmis- 
sion of vibration from the skin surface to 
the receptors. Certainly it is plausible 
that steady vibration would affect the vis- 
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cosity, resistance, and especially the elas- 
ticity of the tissues, thus affecting their 
mechanical impedance. It is an open 
question whether changes of this sort 
could quantitatively account for the data 
of this experiment: (a) They must pro- 
duce more attenuation at low stimulus in- 
tensities than at higher ones; (b) during 
stimulation the attenuation change must 
proceed at the same rate at both lower 
and higher intensities; (c) during recov- 
ery the attenuation of higher-level stimuli 
must decrease somewhat more rapidly 
than that of lower-level stimuli. 

Subjective magnitude during light 
adaptation clearly follows a temporal 
course different from that observed dur- 
ing vibrotactile adaptation. Whereas lu- 
minosity has reached its asymptote while 
visual threshold is still briskly climbing, 
vibrotactile subjective magnitude and 
threshold keep in step, differing only in 
their relative degree of change. The dif- 
ference found in vision is thus not a gen- 
eral one. It is probably premature to try 
to explain the difference in findings in the 
two senses, since, as indicated above, no 
clear explanation of vibrotactile adapta- 
tion is at hand, and the same can Teason- 
ably be said of visual adaptation (Baker, 
1963). 

The data of this experiment should 
prove of some use in the design of tactile 
information displays, Although there is 
much less adaptation to prolonged vibra- 
tory signals than to prolonged pressure 
signals, there is enough vibratory adapta- 
tion that it must be reckoned with. It 
should be emphasized, however, that the 
data reported here are for one fre- 
quency, locus, and intensity of stimulation 
with one particular contactor. Békésy’s 
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(1959) data show that these factors in- 
fluence the time and amount of adapta- 
tion, so the specific numerical values 
reported here should not be unduly 
generalized. 
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or attending. 


Juncker (1945) cites, as one of the 
involved in functional fixed- 
lack of “signalling of the per- 
al properties of the object [p. 
" Failure to solve the candle prob- 
in which S must use a box origi- 
filled with tacks in order to solve 
je problem of affixing a candle to a 
ert ical surface, is represented in per- 

terms. The S is said to per- 
only the container properties of 
box and not its platform properties. 
tad (1958), as well as Staats 
57), in essential agreement with 
ker's analysis, views the problem 
e in which the novel function of 
xed object is not available. 

The three experiments reported were 
erformed to test a different interpreta- 
| of the functional fixedness phe- 
enon. In an earlier study (Glucks- 
1964b), Ss were required to solve 
candle problem while blindfolded, 
nd each time the box was touched 
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3 differently labeled illustrations of Duncker's candle problem were 
exposed to Ss as they worked on that problem. In the first of 3 
experiments, the picture which elicited the name of the functionally 
fixed object also elicited correct initial solutions in a verbal form of the 
problem. In Experiments II and III, Ss were given manipulative forms 
of the same problem. Time to achieve criterion solution, choice of 
initial solution object, and within-group variability were each a 
function of the labeling procedures. The functional fixedness effect in 
the problem used was attributed to the inability of Ss to respond 
specifically to the functionally fixed object, either in terms of labeling 


an observing response was recorded. 
Problem solution occurred upon manual 
contact with the functionally fixed ob- 
ject, the tack-filled box. This finding 
suggests that it is not a function that 
is unavailable to S, but rather the func- 
tionally fixed object itself. 

Two additional bits of evidence are 
consistent with this interpretation. 
First, the problem is trivially simple 
when the box is presented empty 
(Adamson, 1952; Duncker, 1945; 
Glucksberg, 1962). Second, when Ss 
are asked to recall the objects available 
in the problem situation, solvers re- 
port the box earlier in their lists of 
recalled objects than do nonsolvers. 
Further, and perhaps more important, 
solyers report the box as a separate 
verbal unit, e.g., “a box.” Nonsolvers 
often must be prompted before they re- 
port the box, sometimes cannot report 
it at all, and when they do report it, 
refer to it in a verbally undifferentiated 
manner, such as “a box full of tacks,” 
or “a tack box" (Glucksberg, 1964a). 

There is little doubt that the verbal 
behavior associated with the problem- 
solving situation is an important de- 
terminant of problem-solving behavior. 
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Judson, Cofer, and Gelfand (1956) 
have demonstrated that relevant pat- 
terns of verbal associations, including 
verbal chains, may facilitate perform- 
ance in the Maier two-string and hat- 
rack problems. In relatively simple 
tasks like the candle problem, complex 
verbal behavior may be unnecessary. 
All that may be necessary for problem 
solution is the label of the functionally 
fixed object. The three experiments 
reported test this hypothesis: Exp. I 
in a verbal form of the candle problem, 
and Exp. II and III in manipulative 
forms of the same problem. 


EXPERIMENT I 


An immediate solution to a func- 
tional fixedness problem should occur 
if the stimulus situation initially elicits 
the name of the functionally fixed ob- 
ject. If it does not elicit that name 
initially, then solution may still occur 
if repeated solution attempts are per- 
mitted. This is because of the hier- 
archical nature of word associations. 
If the object name is not elicited as a 
dominant response, it may be elicited 
at some later time during the course 
of problem-solving activity. When the 
name is elicited, then problem solution 
should occur. 

Accordingly, we should expect ini- 
tial problem-solving performance to 
Vary as a function of the initial label- 
eliciting Properties of the stimulus 
Situation. Differences between differ- 
ent label conditions should be mini- 
mized, however, when overall perform- 
ance is considered, 


Method 


Subjects.—One hundred, Sixty-five under- 
graduate college students served as Ss. 
Ninety Ss performed a word-association 
task in three groups of 30 each. An inde- 
pendent sample of 75 Ss, divided into three 
groups, was given one of three paper-and- 
pencil forms of Duncker's candle problem. 
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Procedure.—A. simple line drawing illus- 
trating the candle problem was constructed. 
The drawing contained a table next to a 
wall, with the following materials on the 
table: a candle, a box filled with thumbtacks, 
and a book of matches (see Fig. 1). This 
drawing was presented as a word-association 
stimulus in three different forms: (a) all ob- 
jects in the picture labeled, including the 
critical object, the box (Picture 1) ; (b) no 
labels (Picture 2) ; and (c) just one label, 
the word TAcKs printed in capital block let- 
ters on the side of the box (Picture 3). 
Each group of 30 Ss was given one of these 
pictures and instructed to write, immediately 
under it, the first words that came to mind. 
After 5 min. had elapsed Ss were told to 
stop, and then were asked to identify all ob- 
jects portrayed in the picture. The relevant 
Objects were correctly identified by all Ss. 
The word-association lists were scored for 
inclusion of the word Box in the list of words 
obtained. 

The three pictures were then used as illus- 
trations for a paper-and-pencil group form of 
the candle problem. The instructions were 
printed and bound into a pamphlet including 
one of the three pictures. An answer sheet, 
On a separate page, had spaces for four num- 
bered solutions, with instructions to turn 
back to the picture after each solution had 
been written. The instructions provided an 
unambiguous criterion for solution: "the 
problem is considered solved when the candle 
can be firmly affixed to the wall, burn prop- 
erly, and does not drip wax on the table or 
floor" Each group received one picture as 
an illustration of the problem. Group 1 
(N —20) had Picture 1 (all labeled), Group 
2 (N=20) had Picture 2 (no labels), and 


Fic, 1. 
in the three experiments, 
form is shown.) 


Candle problem illustration used 
(The all labeled 
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Group 3 (N —35) had Picture 3 (Tacks 
label). 

Two response measures were employed: 
number of Ss in each group writing a solu- 
tion using the box as Answer No. 1, and 
number of Ss in each group writing a solu- 
tion using the box in any answer. 


Results and Discussion 


The word-association and problem- 
solving data are presented in Table 1, 
where the frequency data have been ex- 
pressed in percentages. A chi-square 
test applied to the distribution of fre- 
quencies of Box responses indicated 
teliable differences between the three 
groups, x? (2) = 29.80, as well as be- 
tween each pair of groups (p < .02 in 
each case). 

Considering the initial solution data 
(answers in the No. 1 position on the 
answer sheet), the difference between 
the groups are in the predicted direc- 
tion. The differences between the three 
groups are reliable at the .01 level, x? 
(2) = 9.82. Only Group 1, however, 
differs reliably from each of the other 
two groups (p < .02). 

hen solutions, irrespective of se- 
quence of entry on the answer sheet, 
are examined, the differences between 
the three groups are no longer reliable. 
Chi-square applied to these scores 
yielded a value of only 5.32 (df = 2, p 
> 05). This finding points up a diffi- 
culty in attempting to relate word-asso- 


TABLE 1 


Exp. I: PERCENTAGE OF Ss LISTING “BOX” AS 
A RESPONSE IN THE WORD-ASSOCIATION 
TASK, AND PERCENTAGE OF SS USING 

THE Box IN THEIR SOLUTION 
TO THE PROBLEM 


G aea |. 9 aa Total 
sponse iti: 
Som Word-Asso- Sons tutions 
ciation Task 
All Labeled 90.0 
i 95.0 100.0 
No Labels | 63.3 65.0 85.0 
^CKS Label 20.0 54.3 77.1 


ciation data to problem-solving behav- 
ior. Typically, word-association re- 
sponses are obtained in a stimulus 
situation that is not changed by S 
while he performs the task set for him. 
Problem solving, however, is quite dif- 
ferent in this respect. Indeed, one of 
the salient features of problem-solving 
behavior is the restructuring of the 
stimulus situation by S as he works on 
the problem (Duncker, 1945). Viewed 
in this light, it is not surprising that 
the relatively close parallel between 
word-association data and problem- 
solving performance breaks down as 
time spent on the problem increases. 

This particular effect should be even 
more pronounced if the same problem 
were to be given in manipulative form, 
in which S physically alters the stimu- 
lus situation. Experiment II was per- 
formed to test this hypothesis, and to 
extend the findings on initial solutions 
to a problem requiring a nonverbal 
solution. 


ExPERIMENT II 
Method 


Subjects—Twenty-four male college stu- 
dents enrolled in introductory psychology 
courses served as Ss. 

Procedure.—The 24 Ss were randomly as- 
signed to one of three groups of 8 each. 
Each S was seated at a table, on which, un- 
der a cover, were a candle, a pasteboard box 
filled with thumbtacks, and a full book of 
safety matches. These materials were placed 
in the same relative positions as the objects 
in the pictures used in Exp. I. On the wall 
to the left of S was a cardboard "wall" 
which was replaced for each S. A trans- 
lucent projection screen was in place on the 
table 3 ft. in front of S, with a standard 
lantern slide projector behind it. Tape re- 
corded instructions were played to each S: 


We are investigating several kinds of sim- 
ple problems. Each can be solved in sev- 
eral ways. We are going to give you one 
of these problems. On your left is a card- 
board wall. Directly in front of you is a 
projection screen. While you are listen- 
ing to these instructions, watch the screen, 
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because the problem will be illustrated for 
you on that screen, This is the problem. 
Under this cover (E pointed) are a candle 
and several household objects. The task is 
to affix the candle to the cardboard wall 
using any of the objects under the cover. 
"The problem is considered solved when the 
candle is affixed to the wall, burns prop- 
erly, and does not drip wax on the table or 
floor. This picture (Picture 1, 2, or 3 
projected onto the screen from behind) 
illustrates the materials you will have 
available. 


The picture was displayed on the screen for 
10 sec, during which time E removed the 
Cover. As in Exp. I, the three groups of Ss 
differed in terms of the labels printed on the 
picture displayed. The standard lantern 
slides used were prepared by photographing 
the pictures used in Exp. L Each time S 
succeeded in affixing the candle to the wall 
and had lit it he was asked to try additional 
methods of solving the problem until the box 
had been used. Time to use the box as a 
support for the candle was recorded, as well 
as the solution object selected for the initial 
solution attempt. The Ss failing to use the 
box within 15 min. were assigned a terminal 
score of 15 min. 


Results and Discussion 


Solution-time scores are presented in 
Table 2. Only two Ss failed to use the 
box, one each in Groups 2 and 3. Only 
one S in Group 3 solved faster than 
the slowest S in Group 1. The distri- 
bution of scores in Group 2 did not 
overlap with the distribution in Group 
l. The differences in solution-time 
scores between the three groups were 
evaluated using a Kruskal- Wallis one- 
way analysis of variance by ranks. The 
H (2) value obtained was 72343, p < 
001. Median tests applied to the dif- 
ferences between Groups 1 and 2 and 
between 1 and 3 indicated reliable dif- 
ferences between these pairs (p < 01). 

Of particular interest are the differ- 
ences in variability between Group 1 
and the other two groups (p < .001). 
It seems clear that, in this form of the 
problem, supplying S with the verbal 
label of the functionally fixed object as 


SAM GLUCKSBERG AND ROBERT W. WEISBERG 


TABLE 2 
Exe, II: SoLution-Time Scores (Mix.) 


Group Mdn. M SD 
All Labeled} — 0.59 0.61 0.40 
No Labels 10.86 8.82 4.49 
TACKS Label 5.01 5.69 4.48 


he begins to work effectively destroys 
functional fixedness, and drastically re- 
duces variability between Ss. Indeed, 
seven of the eight Ss in Group 1 of- 
fered the box solution as their initial 
solution. In neither of the other two 
groups did this occur. 

The difference between the means of 
Groups 2 and 3 is not reliable. These 
two groups did differ, however, in their 
choice of initial solution object. Con- 
sistent with the labeling procedures, 
Group 3 displayed more frequent ini- 
tial, as well as total, use of tacks as a 
sole solution object. More frequent use 
of tacks increases the number of oppor- 
tunities to touch, and thus to notice, 
the functionally fixed object, the box. 

Duncker (1945) cited contact with 
the functionally fixed object as a fac- 
tor facilitating solution. Glucksberg 
(1964b) has found that candle-problem 
solution may be triggered by observa- 
tion of the box. The TAcxs label, by 
indirectly increasing the number of box 
contacts, may have offset the possible 
advantage of Group 2 over Group 3 
that might have been predicted on the 
basis of the word-association data. 

Consistent with our hypothesis about 
the persistence of the labeling effect, 
the groups did not differ reliably in 
terms of total number of Ss solving the 
problem. During the course of prob- 
lem-solving activity, the box is touched, 
handled, sometimes emptied and put 
aside, and eventually noticed, whether 
or not the picture presented at the be- 
ginning of activity elicited the word 
BOX. The criterion for solution de- 


led the box (so that wax would 
irip) and Ss did, sooner or later, 
e it. 
The question arises, will the dif- 
itly labeled pictures influence the 
of a functionally fixed solution 
t even when the object is not re- 
by the solution criteria? Ex- 
nent III examines the effect of 
eling in a form of the candle prob- 
which does not require the use of 
box for solution. 


: ExPERIMENT III 
thod 
jecis.—An independent sample of 24 
students, again randomly assigned to 
groups of eight each, served as 5s. 
cedure.—The procedure used in Exp. 
followed except that the phrase "and 
s not drip wax on the table or floor" was 
d from the tape-recorded instructions. 
is change effectively permitted any solu- 
Which resulted in the candle staying up 
he wall and burning. The same scoring 
lures were followed, 


ults 


edian time to use the box, along 
| the number of Ss in each 
failing to use the box, are 
] ted in Table 3. The same pat- 
Tn Of results obtained in Exp. II was 
lined here. The picture eliciting 
word mox now influences Ss to 
e the box as a solution object 
the availability of alternative 
ms. A Kruskal-Wallis one-way 
lysis of variance applied to the solu- 
4 
TABLE 3 


II: Mepran SoLurioN-TiME Scores 
AND No. or Ss Wo FAILED TO 
THE FUNCTIONALLY FIXED OB- 
JECT within 15 Min. 
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tion-time data was significant, H (2) 
= 13.60, p< .01. Fisher exact prob- 
ability tests between each of the three 
pairs of groups indicated that Group 1 
differed reliably from each of the other 
two groups (P < .025). Again, as in 
Exp. I and II, Groups 2 and 3 did not 
differ reliably with respect to their use 
of the box. 

Initial choice of solution object was 
again influenced by the labels pre- 
sented. Group 3 used tacks initially 
more often than did Group 2, and 
again, this may have accounted for the 
failure of Group 2 to show a greater 
preference for the box despite the ex- 
pected word-association effects. 


GENERAL DISCUSSION 


The three experiments presented 
strongly support the interpretation of 
functional fixedness offered, The prob- 
lem solver simply does not have the func- 
tionally fixed object available as an ef- 
fective stimulus. In nontechnical terms, 
he just does not notice it. Providing S 
with the verbal label of a functionally 
fixed object makes that object available 
for use, just as providing S with the label 
of another object leads him to use that 
object. After this initial effect, what S 
does will be a function of the stimulus 
pattern he himself partly produces. If 
he starts to use melted wax as an adhe- 
sive, the number of times he looks at or 
touches the box are fewer than if he 
starts to use tacks, The initial verbal 
response to the situation may influence 
later performance, but this influence is 
indirect. It is mediated by the sequence 
of manipulative and observing behaviors 
that S$ engages in. 

The notion that availability of func- 
tion, or lack of it (Saugstad, 1958; 
Staats, 1957), is the crucial variable in 
functional fixedness tasks receives scant 
support from the data obtained. Given 
appropriate criteria for problem solution 
and the label of the functionally fixed ob- 
ject, every S solved the problem. Each 
of those Ss had the appropriate solution 
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response in his repertoire, and it is not 
unlikely that every S who failed to use 
the box to solve the problem also had 
that response as part of his response 
repertoire. If a particular functional 
fixedness effect results, in Duncker's 
terms, from a lack of perceptual signal- 
ing of the fixed object, then the name 
of that object eliminates that effect. 
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IMPLICATIONS FOR DECISION MODELS * 
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Among the effects showing that decisions in serial disjunctive reaction 
time (DRT) tasks are dependent upon sequential structure of the 
signal series are latency differences between responses to repeated (Sa 
following Sa) and changed (Sb following Sa) signals. The present 
study examines sequence effects and their implications for decision 
models. 4 DRT experiments were performed (total N = 159). In 
Experiment I, each of 8 groups showed a significant sequence effect in 
the direction of lower latencies for responses to changed than to 
repeated signals. Experiments II and III showed that this effect 
could not be attributed to either peripheral (retinal) fatigue or Ss' 
guessing habits. In a 4th experiment, latencies were markedly 
lengthened when signal sequence and response sequence were varied 


independently. 


A trial-to-trial comparison process is proposed to 


account for the present results, and as a useful supplement to existing 


decision models. 


The set of response latencies gen- 
erated in any serial disjunctive reaction 
time (DRT) situation exhibits a cer- 
tain variability, which may be assumed 
to be organized according to deter- 
minable features of the experimental 
task and to inferable features of S's 
decision processing. While decision 
time in serial DRT tasks has been 
Shown to depend upon several struc- 
tural characteristics of the signal series 
(eg. number of signal alternatives, 
and their relative frequencies), one as- 
pect of series structure—the sequential 
arrangement of the alternative signals 
—has received relatively little experi- 
mental attention. Any influence of the 
trial-to-trial arrangement of signals 
Within the stimulus series upon the as- 
Sociated decision times would be an 
Important consideration in the develop- 
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ment of decision models designed to 
apply to serial tasks, 

At the simplest level of sequence 
analysis, each signal in a series may 
be classified as either a repeated or a 
changed signal (Sa is a repeated sig- 
nal if the previous signal was also Sa, 
but is a changed signal if the previous 
signal was Sb). And the simplest sig- 
nal series to which this analysis may 
be applied is one consisting of only two 
signal alternatives, occurring with 
equal frequencies and in random order. 
Under these conditions latency vari- 
ations dependent on signal sequence 
may be examined free of confounding 
effects of other structural features of 
the series. 

Several reports of latency differences 
between responses to repeated and 
changed signals have been made. Hy- 
man (1953) reported slightly longer 
latencies for responses to repeated than 
to changed signals when the DRT task 
was a two-alternative one; for more 
than two alternatives, this sequential 
effect was reversed in direction. Wel- 
ford (1959), using a two-alternative 
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TABLE 2 
Meas Laruncits ix MiLLISECONDS rox Rii- 
SPONSES TO REPRATED AND CHANGED 
Stowats IN Expr. I, axp p Varuxs 
Baskp on /-Trar Comranisons 


Mean Latenctes (Meec.) 


I 358 <01 

il 329 <02 
Ml MI «001 
IV 32 <.001 
M 315 <01 
VI 310 <05 
vii 322 «0t 
Vill 479 «05 


nals, regardless of signal modality, and 
for both types of response system 
studied, 
Exreniment II 
Experiment II was designed to ex- 


HAERES 
si i 
ilit 
TIE! 
: H 
Hbi 
E 


668 


be restricted to one eye, the other eye re- 
ceiving white light. 

The viewing fields were 1 in. square, and 
were located 2 in. in front of S's eyes. The 
viewer was mounted in a panel, leaving S’s 
hand free to manipulate the response key 
(lever switch). A 12-w. lamp, located be- 
hind the slide, illuminated both fields simul- 
taneously. Signal duration was again .10 
sec. 

The left and right viewing fields of each 
slide were covered by a black plastic shield 
containing 10 small (2-mm.) perforations in 
a scattered array; the binocularly viewed 
field showed 20 scattered perforations. On 
each trial either the left or right viewing 
field was covered with a red or green gel 
filter, while the other field was covered by 
a weak neutral-density filter. Thus S saw, 
for example, a field of 20 lighted spots on a 
black ground—10 red (or green) spots, and 
10 dim white spots. No S reported being 
aware that the 10 colored spots were viewed 
by one eye and the 10 white spots by the 
other eye. 

In the control condition (binocular pres- 
entation of color information), each eye re- 
ceived half of the color signal information. 
This was accomplished by covering 5 of the 
10 perforations in each viewing field with red 
or green filter, and covering the remaining 
5 perforations in each field with neutral- 
density filter. The positions appearing as 
colored and as white were arranged so that 
the resulting display appeared the same as 
in the experimental (monocular) condition, 
although now each eye received 5 colored 
and 5 white spots, 

Subjects and procedure.—Each of 12 Ss, 
undergraduate students at McGill University, 
performed on four series of 16 trials (two 
under the monocular condition and two under 
the binocular condition, in an ABAB order) ; 
all Ss began with a monocular series. Test- 
ing proceeded over the entire 64-trial session 
without a break from one series to the next. 
All series contained equal frequencies of red 
and green signals, and of changed and re- 
peated signals; in the monocular condition 
the series also contained equal frequencies of 
repetitions and changes between eyes, and 
these variables (signal sequence and eye se- 
quence) were balanced against each other. 
Intersignal interval was 12-15 sec. No S 
with either an astygmatic condition or 
marked near- or far-sightedness was included 
in the group. General procedure was the 
same as that described in Exp, I. 
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` Results 


A fourfold classification according to 
signal sequence (signal repeated vs, 
signal changed) and eye sequence (eye 
repeated vs. eye changed) was im- 
posed on the data for the monocular 
condition. Mean response latencies for 
these four treatment combinations are 
shown in Table 3. A three-way analy- 
sis of variance (Signal Sequence x Eye 
Sequence X Ss) performed on the la- 
tency data showed only the signal- 
sequence effect to be significant, 
F(1,11) = 11.15, p < .01, the latencies 
for changed signals being lower than 
those for repeated signals. No signifi- 
cant eye-sequence effect was found, nor 
was there a significant interaction be- 
tween the two main effects. 

The binocular control condition was 
compared to the monocular condition. 
Mean response latencies for the four 
combinations of signal sequence and 
monocular vs. binocular presentation 
are shown in Table 3. A three-way 
analysis of variance (Signal Sequence 
X Monocular/Binocular Presentation 
X Ss) showed that only the signal- 
sequence effect was significant, F (1,11) 
= 2843, p «.001; that is, perform- 
ance did not differ under the monocular 
and binocular conditions. 


TABLE 3 


MEAN LATENCIES IN MILLISECONDS FOR THE 
Four COMBINATIONS or SIGNAL SE- 
QUENCE AND EYE SEQUENCE, AND 
THE Four COMBINATIONS OF SIG- 

NAL SEQUENCE AND MONOCULAR 
VS. BINOCULAR PRESENTATION, 

In Expr. II 


Mean Latencies (Msec.) 


Cond. Ta es 
Repeated | Changed 
Signals Signals 
Eye Repeated 503 471 
Eye Changed 515 461 
Monocular Presentation 509 466 
Binocular Presentation 489 448 
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The results indicate that the ob- 
served sequence effect cannot be ac- 
counted for by sensory receptor fa- 
tigue; the effect is obtained regardless 
of repetition or alternation of color in- 
formation between eyes. 


ExPERIMENT III 


The purpose of Exp. III was to ex- 
amine the relation of the sequence ef- 
fect to S’s verbalized pretrial expec- 
tancies. If responses were faster on 
the correctly than on the incorrectly 
guessed trials, and if S tended to expect 
a changed signal more often than a re- 
peated signal, this combination of fac- 
tors could account for the observed se- 
quence effect. 


Method 


The equipment used in Exp. III was the 
same as that described in Exp. I; the lever- 
type response key was used. Signals were 
ted vs. green lights, with no accompanying 
auditory stimulation. The general procedure 
differed from that of Exp. I only in that 
each of the 24 Air Force inductees who 
served as Ss was required to report, imme- 
diately after the “ready” signal on each trial, 
his guess about which color signal would 
occur on that trial (Group I), or his guess 
about which response would be appropriate 
on that trial (Group II). Signal presenta- 
tion followed each guess by about .5-1.0 sec. 
Each s was assured, before testing began, 
that Signal sequence was prearranged, and 
Was independent of his guesses. 


Results 


Each trial was classified according to 
the correctness or incorrectness of the 
corresponding pretrial guess of the 
color (Group I) or the response 
(Group IT). Mean response latencies 
Were computed separately for changed 
and repeated signals on correctly and 
Incorrectly guessed trials (see Table 

. A three-way analysis of variance 
(Signal Sequence x Correct/Incorrect 
Guesses x Ss) was performed on the 
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TABLE 4 


MEAN LATENCIES IN MILLISECONDS FOR RE- 
SPONSES TO REPEATED AND CHANGED SIG- 
NALS ON CORRECTLY AND INCORRECTLY 

"GUESSED" TmiALs IN Exp. II 


Mean Latencies (Msec.) 


Groups Cond. 
Repeated | Changed 
Signals Signals 
I | Correct Guess 349 321 
Incorrect Guess| 470 437 
Il | Correct Guess 358 333 
Incorrect Guess| 443 451 


latency data from each group. For 
both groups the effect of correctness vs. 
incorrectness was highly significant, 
latencies being lower on correctly 
guessed trials—for Group I, F(1,11) 
=10.92, p<.01; for Group II, 
F(1,11) = 2802, p «.001. In addi- 
tion, for Group I, the group required 
to guess color, a significant signal- 
sequence effect was found, F(1,11) 
= 12.92, p < .01, with longer latencies 
for responses to repeated than for re- 
sponses to changed signals. Although 
for Group II the main effect for signal 
sequence was not significant when the 
data for correctly and incorrectly 
guessed trials were combined, a £ test 
between the mean latencies for re- 
sponses to repeated and changed sig- 
nals on correctly guessed trials only, 
showed the latency of responses to re- 
peated signals to be significantly longer 
(p < .05) than that of responses to 
changed signals. 

Since the sequence effect was ob- 
tained on correctly guessed trials (and, 
for Group I, on incorrectly guessed 
trials as well) the results of Exp. IIT 
may be taken to indicate that, while 
pretrial guessing influences response 
latencies, the observed sequence effect 
cannot be accounted for by pretrial 
guessing habits. 
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EXPERIMENT IV 


Under the conditions which normally 
apply in DRT experiments, signal se- 
quence (the pattern of repetition and 
change of signals) is perfectly corre- 
lated with response sequence (the pat- 
tern of repetition and change of re- 
sponses). Under these conditions it is 
impossible to determine whether ob- 
served sequential effects depend more 
heavily on the patterning of input ( sig- 
nals) or the patterning of output (re- 
sponses). Experiment IV represents 
a departure from the standard design 
which permits signal sequence and re- 
Sponse sequence to be varied independ- 
ently of one another, This independ- 
ence was achieved by requiring S to 
select his response on each trial on the 
basis of signal repetition vs. change per 
se. A fourfold classification of trials 
is yielded by this design, the two di- 
mensions being signal sequence (repe- 
tion vs. change) and response sequence 
(repetition vs. change). If the se- 
quence effect observed under the more 
standard conditions were due primarily 
to one or the other of these variables, 
this fact would be reflected in signifi- 
cant latency differences for either one 
(but not the other) of these two 
dimensions, 


Method 


The equipment used in Exp. IV was the 
Same as that described in Exp. L Signals 


chan; signals. 
Thus, the response required for ET im 
Sa might be either left or right, and might 
constitute either a repeated or a changed 
response, depending on which response had 
r The 72-trial series 
was so designed as to contain equal frequen- 
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TABLE 5 


MEAN RESPONSE LATENCIES IN MILLI- 
SECONDS FOR THE FOUR COMBINA- 
TIONS OF SIGNAL SEQUENCE AND 
RESPONSE SEQUENCE IN 


Exr. IV 
Mean Latencies (Msec.) 
Cond. . 
Repeated Changed 
Signals Signals 
Response Repeated, 576 173 
Response Changed 686 562 


cies of red and green signals, of repeated 
and changed signals, and of repeated and 
changed response requirements; these three 
variables were balanced against one another. 


Results 


Mean response latencies for each of 
the four combinations of signal se- 
quence and response sequence are 
shown in Table 5. Note that the mean 
latencies for this task are roughly twice 
as high as those obtained in Exp. I; 
Ss found this task extremely difficult. 

A three-way analysis of variance 
(Signal Sequence x Response Sequence 
X Ss) showed neither main effect to be 
Significant. The interaction between 
the two main effects was, however, 
highly significant, F( Yh) ='38.71, 0 
< 001. This interaction indicates that 
when signal sequence and response se- 
quence vary directly with one another 
(ie, a repeated response to a repeated 
signal and a changed response to à 
changed signal) response latencies are 
significantly lower than when S must 
give a changed response to a repeated 
Signal or must repeat the same response 
when the signal has been changed. 


Discussion 


The results of Exp. I clearly establish 
the existence of a sequence effect, in the 
direction of longer latencies for re- 
Sponses to repeated signals than for re- 
Sponses to changed signals, - This finding 


— 


— 
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substantiates the findings of Hyman 
(1953) and Welford (1959) for the two- 
alternative case. 

As regards the repetition effect re- 
ported by Bertelson (1961, 1963), which 
is opposite in direction from that observed 
in the present study, in Hyman’s (1953) 
study, and in Welford’s (1959) study, one 
must assume that this difference in direc- 
tion has resulted from some procedural 
difference between Bertelson’s study and 
the others. Since Welford’s study, in 
particular, utilized the same general type 
of stimulus display and response-key sys- 
tem (two keys, one operated by each 
hand) as were used in Bertelson’s study, 
the only major difference would appear 
to lie in the fact that signal onset in Ber- 
telson's study followed so closely (i.e, 
after only .05 sec.) upon release of the 
response key depressed on the previous 
trial. It may be that the sequence effect 
observed under these conditions is a 
rather different phenomenon, reflecting 
not the properties of decision processing, 
but the properties of a response system 
which has not come fully to rest between 
trials. Nonetheless, the interaction of 
sequence effects with the temporal struc- 
ture of the signal series needs further 
investigation. 

Returning to the sequence effect ob- 
served in the present study—longer laten- 
cies for responses to repeated than for re- 
sponses to changed signals—the results of 
Exp. II and III show that this effect can- 
not be accounted for either by sensory 
fatigue or by guessing habits. These 
variables being discounted, there remains 
the more interesting implication that the 
Sequence effect reflects factors basic to 
decision processing. 

The results of Exp. IV show that when 
the usual correlation between signal se- 
quence and response sequence fails to 
apply, there results a delay or interfer- 
ence in the decision events intervening 
between signal input and response execu- 
tion. What inferences about the nature 
of the decision process do these results 
suggest ? 

Existing decision models, such as that 
Proposed by Stone (1960), admit no di- 


rect sequential influence of one trial upon 
the decision made in the next trial. But 
the very existence of sequence effects 
which are not dependent upon either pe- 
ripheral sensory influences or guessing 
habits implies that the decisions made on 
successive trials are mot independent 
events; a direct influence of each trial 
upon its successor is indicated, One 
speculation about the nature of a sequen- 
tial factor in serial decision processing is 
offered here. 

I propose that in addition to an input 
analyzer system such as that suggested by 
Stone (1960), there exists a comparison 
system, which operates on every trial si- 
multaneously with the analyzer system. 
This comparison system matches each 
new input against the input received on 
the previous trial, and the outcome (a 
“match” or a “nonmatch”) is capable of 
affecting response selection with approxi- 
mately the same speed as the analyzer 
system. If the outcome is a "match," a 
tendency is activated in S' to produce the 
same response as was given on the pre- 
vious trial; if the outcome is a "non- 
match," a tendency is activated in S to 
suppress the response given on the previ- 
ous trial, or, if only two response alter- 
natives are available, to produce the al- 
ternative response. If we assume that the 
comparisons resulting in a match deci- 
sion require more time than the compari- 
sons resulting in a nonmatch decision, 
then a basis is found for explaining the 
observed sequence effect. Preliminary 
studies in our laboratory suggest that this 
assumption may be tenable. 

Under the conditions of Exp. IV in the 
present study, in which signal sequence 
and response sequence varied independ- 
ently, the comparison system would tend 
to activate the wrong response tendency 
on 50% of the trials (those trials requir- 
ing a repeated response for a changed 
signal, or a changed response for a re- 
peated signal). The resulting contradic- 
tion between the response tendencies acti- 
vated by S's comparison system and by 
his analyzer system might be expected 
to interfere with, or delay, response pro- 
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duction. It was precisely for this cate- 
gory of trials that particularly long re- 
sponse latencies were observed in Exp. 
IV. 

REFERENCES 


Bertetson, P. Sequential redundancy and 
speed in a serial two-choice responding 
task. Quart. J. exp. Psychol., 1961, 13, 
90-102, 

BrRrTELSON, P. S-R relationships and re- 
action times to new versus repeated signals 


JUDITH A. WILLIAMS 


in a serial task, J. exp. Psychol, 1963, 
65, 478-484. 

Hyman, R. Stimulus information as a de- 
terminant of reaction time. J. erp. Psy- 
chol., 1953, 45, 188-196, 

Stone, M. Models for choice-reaction time. 
Psychometrika, 1960, 25, 251-260. 

Wetrorp, A. T. Evidence of a single-channel 
decision mechanism limiting performance in 
a serial reaction task. Quart. J. exp. 
Psychol., 1959, 11, 193-210. 


(Received December 22, 1964) 


lournal of Experimental Psychology 
906, Vil. 71, No. 5, 673-679 


INDIVIDUAL AND GROUP PREDICTIONS OF ITEM 
DIFFICULTY FOR FREE LEARNING* 


BENTON J. UNDERWOOD 


Northwestern University 


27 trigrams were scaled for difficulty by 2 forms of magnitude estima- 
tion and were also rated on pronunciability and association value. 
2 groups also learned the 27 trigrams and members of one of these 


groups had previously scaled the items. 


Correlations between group 


scale values and group learning values were very high for all scales 
(roughly .90). Individuals predicted their own learning with consider- 
able success (minimum r estimated at .63), and evidence indicated a 
small idiosyncratic component in the ratings. 


This report has three major objec- 
tives, First, it will relate the scale 
values of judged difficulty of learning 
of verbal units derived from four dif- 
ferent scaling methods. Two of these 
methods represent forms of magnitude 
estimation (Stevens, 1962) in which S 
judged directly the expected difficulty 
of learning the units. The other two 
methods represent more traditional 
means of determining item difficulty, 
namely, by ratings of association value 
and ratings of pronunciability. Second, 
the scale values resulting from each 
method will be related to free-learning 
and incidental-learning scores. Finally, 
comparisons will be made of the va- 
lidity of the individual's prediction of 
item difficulty with the validity of the 
group averages. 


METHOD 


The items were 27 trigrams covering the 
complete range of difficulty from common 
three-letter words to difficult consonant syl- 
lables. The trigrams are listed in alpha- 
betical order in Table 1. These particular 
trigrams were selected in order to sample 
successive points along a dimension of diffi- 
culty while at the same time minimize formal 
ai 
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fice of Naval Research. 


intralist similarity when S was required to 
learn them as a list. 

Five different groups of Ss were used. 
Four of these groups served as judges in the 
various scaling procedures, and the mem- 
bers of one of these four groups also learned 
the trigrams. A fifth group only learned the 
trigrams. All Ss were undergraduate psy- 
chology students at Northwestern University 
but no attempt was made to obtain equiva- 
lent samples. The procedure for each group 
will be specified. 

Group CM-L.—This group, consisting of 
54 Ss, scaled the trigrams for difficulty of 
learning by a form of cross-modality match- 
ing. Following the scaling they learned the 
trigrams. The instructions for scaling were 
read by E as S followed the reading on his 
printed instruction, These instructions were 
as follows: 


There are 27 three-letter combinations 
(trigrams) listed below. Assume that 
these 27 trigrams were to be presented to 
you one at a time for 2 sec. each. After 
they have been presented once, you are to 
write down all that you can remember. 
Then they are shown again to you, but in 
a different order, after which you again 
would write down all you could remember. 
After many such trials you would be able 
to write them all down correctly. This is 
the situation we want you to think about. 
For, what we want you to do is make 
judgments about the speed with which you 
would learn each trigram. 

To make these judgments we want you 
to draw a line to indicate the speed with 
which you would learn the trigram, A 
very short line means that you would learn 
it quickly, a long line that you would learn 
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TABLE 1 


TriGRAMS, Two MEASURES OF LEARNING OF THE TRIGRAMS, AND MEAN 
SCALE VALUES OBTAINED BY Four DIFFERENT SCALING METHODS 


Learning Scaling 
Trigrams 

CM-L L CM ME PR AV 
BUG 548 4.76 4.02 23 1.65 6.45 
CES 4.94 3.89 13.05 120 3.00 5.90 
DGM 4.78 4.26 19.20 165 7.50 4.05 
EQR 3.26 2.56 23.48 200 7.85 4.15 
HOB 4.72 4.54 8.74 91 1.95 5.60 
IDW 3.52 2.94 23.56 172 7.55 3.55 
ING 5.19 5.19 5.57 60 2.75 7.60 
Jok 4.63 4.30 9.00 88 3.80 5.80 
KBV 1.93 1.52 23.78 199 Tus 2.25 
KIT 4.93 4.72 5.56 33 1.70 6.75 
LOT 5.02 4.57 4.37 32 1.65 7.65 
MEL 5.63 4.83 6.15 68 1.60 6.80 
NDF 2.59 1.65 26.61 191 6.85 2.90 
ous 5.37 4.44 9.11 90 4.35 6.35 
owr 4.57 3.91 16.61 146 5.35 4.20 
PKF 3.28 2.59 19.06 181 7.70 3.10 
RCH 3.96 3.52 17.85 144 5.65 4.50 
RZQ 2.80 1.61 30.35 244 8.55 2.80 
SIL 2.87 2.46 28.28 202 7.85 2.30 
TAF 4.56 344 10.61 116 245 5.60 
TLY 4.07 3.35 18.04 150 6.15 4.75 
UNH 3.52 3.31 24.15 166 6.85 3.70 
USK 4.37 3.35 15.17 130 4.05 4,50 
VER 4.50 4.09 10.65 97 2.45 6.60 
VXK 2.19 1.35 32.33 234 8.15 1.95 
XPH 2.30 1.69 30.94 246 8.80 2.05 
YIN 4.37 3.94 11.96 113 3.15 3.15 


it slowly. To make your lines, proceed as 
follows. Look at all the trigrams carefully 
in order to get the “feel” for the range of 
difficulty. Obviously the line you draw for 
the most difficult trigram must be within 
the confines of the page. Otherwise, you 
are free to use any length of lines you wish 
providing they reflect difficulty of learning. 


as long. However 
you proceed, the length must reflect judged 
difficulty, with short lines meaning easy 
items, long lines difficult ones. 


The trigrams were listed on the left side 
of the standard-sized sheet (double spaced), 
with a period after each. The S's were asked 
to originate the line at the period. The first 
six trigrams in the listing were chosen to 
represent the full range of difficulty but be- 
yond that the ordering was random. 

One final procedural instruction was given. 


The Ss were told that E was interested in 
the time to make the ratings since this knowl- 
edge would aid in planning future experi- 
ments. It was made clear, however, that 
was not to consider the rating procedure à 
speed test. The Ss were requested to record 
on their rating sheets the number appearing 
on the blackboard at the time they com- 
pleted the ratings. This number represented 
elapsed time (successive minutes) from the 
signal to start the ratings. 

When all Ss had completed the ratings the 
sheets were picked up and each S was given 
a standard blue examination booklet. The 
Ss were then instructed to write down on the 
first face sheet all of the trigrams they could 
remember, Since Ss were given no warning 
that such a recall test was to be given, this 
recall trial constitutes measurement of inci- 
dental learning. A total of 2 min. was al- 
lowed for this recall. 

The final step was the intentional learning 
of the trigrams. The Ss were instructed con- 
cerning the rate at which the trigrams woul 


presented, how to record their responses, 
dso on. Each successive face sheet in the 
book was used for successive recall trials 
ith S always folding the blue book prior to 
trial. The trigrams were presented by 
magnetic tape recorder at a 5-sec. rate. 
was spelled twice during the 5-sec. in- 
al. After all trigrams had been presented 
a given trial the signal “print” was heard 
d S wrote down all of the trigrams he 
ld remember. 
The trigrams were presented for six study 
trials with a recall trial after each. The six 
orders were arranged so that roughly speak- 
each trigram appeared in each sixth of 
list once. The recall time was increased 
stematically across trials, 2 min. being al- 
lowed for the first two recall trials, 2.5 min. 
f E uh 3 and 4, and 3 min. for Trials 5 
and 6. 
© The Ss were run in two subgroups. The 
‘record for one S was discarded when it was 
"apparent that he had reversed the rating 
‘scale, using short lines for difficult items, 
long ones for easy items. 
Group L.—This group only learned the 
The instructions and procedures 


- fact that this number was exactly the same 
‘as for Group CM was quite accidental. 
Group ME.—This group of 69 Ss scaled 
e trigrams by a more direct form of mag- 
nitude estimation. The Ss were given a 
‘sheet on which the trigrams were listed, with 
a blank before each. The instructions again 
‘set up" a free-learning situation for ori- 
tation. Then, S was asked to look through 
€ list of trigrams and find at least one 
which he felt would require an average 
"Amount of time to learn. This trigram, and 
all believed to be of equivalent difficulty, 
Was to be arbitrarily assigned a value of 
100. Trigrams whose judged difficulty was 
‘Greater than average were then to be as- 
Signed numbers above 100, those of less diffi- 
culty, numbers below 100. Further instruc- 
tions concerning proportionality were given, 
Hg a trigram judged to be twice as difficult 
an average one was to be assigned a value 
- Of 200, and so on. 
- Group PR.—'This group and the following 
- oe were used to obtain more conventional 
Tatings on the 27 trigrams in order to com- 
the relative predictive efficiency of mag- 
itude-estimation values and the more con- 
‘Yentional ratings. This group, consisting of 
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20 Ss, made pronunciability ratings (PR) 
along a 9-point scale in exactly the same 
manner as outlined elsewhere (Underwood & 
Schulz, 1960). 

Group AV.—This group, also consisting of 
20 Ss, rated the trigrams for the relative 
number of associates they thought each would 
elicit (association value or AV). The in- 
structions were much the same as those used 
by Noble, Stockwell, and Pryer (1957). 
However, a 9-point numbered scale was 
used, with 1 labeled “none,” 9 labeled 
“many,” and 5, “average.” This contrasts 
with the five-category nonnumbered scale, 
with descriptive statements for each of the 
five categories used by Nobel et al. 


RESULTS 


Scale values —The mean scale values 
for the 27 items resulting from use of 
the four scaling procedures are shown 
in the right portion of Table 1. For the 
cross-modality ratings (Group CM-L), 
each line was measured to the nearest 
1 in., and the mean for the 54 Ss for 
each of the 27 items determined. For 
example, the trigram rated least diffi- 
cult was Buc, with an average value of 
4.02 (less than 4 in.). The item rated 
most difficult was vxK, the average line 
being over 3 in. in length. 

Group ME assigned numbers to rep- 
resent difficulty of learning. For such 
magnitude-estimation procedures, Ste- 
vens (1962) has argued for the use of 
the median rather than the mean, For 
the present data, 15 of the 27 medians 
fell between 199 and 201. For these 
same 15 items the means showed ap- 
preciable discrimination and, as will be 
seen shortly, this discrimination was 
meaningful. Therefore, the means (to 
the nearest whole number) are given 
for each item for ME in Table 1. 

Tt will be remembered that rating 
time for Ss in Group CM-L was re- 
corded. If S recorded 1 min. on his 
rating sheet it meant that less than 2 
min. were required but more than 1 
min.; if he recorded 2 min. it meant 
that less than 3 min. but more than 2 


676 


min. had elapsed, and so on. The num- 
bers of Ss recording each time were 4, 
17, 18, 6, 5, 4, for 1 min. through 6 
min. respectively. This is to say that 
no S took longer than 7 min. to draw 
the 27 lines. 

Group learning and item difficulty.— 
The mean number of times each item 
was correctly recalled across six trials 
is shown in the two left-hand columns 
of Table 1. One set of scores is for 
Group CM-L, the other for Group L. 
Learning was surprisingly high after 
six trials. On the sixth trial Ss in 
Group CM-L recalled a mean of 21.89 
items correctly (out of a possible 27), 
those in Group L, 20.54 items. The 
performance of Group CM-L was con- 
sistently higher than that of Group L 
throughout the six trials. This may be 
due in part at least to the fact that 
Group CM-L obtained some acquaint- 
ance with the items during the rating, 
but, as noted earlier, the two groups 
may not have been equal in learning 
ability. 

The correlations among the two sets 
of learning values for the 27 items and 
the various scale values for these items 
are shown in Table 2. Three of the 
scales (CM, ME, and PR), by the 
arbitrary nature of their ordering, pro- 
duce statistically negative relationships 
with learning when the latter is meas- 
ured by mean correct, However, in 
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Table 2, as well as in the discussion, 
all relationships are expressed as posi- 
tive relationships. 

As a measure of reliability of item 
learning the correlation of .96 between 
the learning measures for Group CM-L 
and Group L may be noted. It is also 
worth pointing out that the correlation 
(.91) between scaling by CM and 
learning by CM-L, both produced by 
the same group of Ss, is no higher 
than the correlation between the learn- 
ing scores for Group L and the scaling 
by Group CM-L (.92). However, as 
is apparent, all correlations within the 
table are very high, the lowest being 
85. All four scaling procedures pro- 
duce scale values that have high va- 
lidity for predicting learning and, as 
must follow, the scale values from all 
four methods correlate highly. In par- 
ticular it may be noted that the scale 
values resulting from the standard mag- 
nitude-estimation procedures (ME) and 
those resulting from cross-modality 
scaling have a relationship near unity 
(97). 

With correlations of the magnitude 
shown in Table 2, there can be little 
departure from linearity in the rela- 
tionships. However, scatterplots show 
that for all learning-scaling relation- 
ships, only that between cross-modality 
scaling and learning fails to show slight 
curvilinearity. 

It will be remembered that members 
of Group CM-L were given a test of 
incidental learning immediately after 
rating the times. The mean number 
correct for these 54 Ss was 6.93 items. 
The mean number correct for each of 
the 27 items was also determined, and 
the correlations with the scale values 
calculated. These were CM, .77; ME, 
75; PR, .67; and AV, .80. These cor- 
relations are substantial in spite of the 
fact that such factors as recency would 
tend to bias the recall for certain items. 
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It might be expected that time to rate 
would be related to amount of inciden- 
tal learning. This was not the case. A 
plot of time to rate and amount re- 
called showed no consistent relation- 
ship. The correlation for the 54 Ss be- 
tween total correct on the incidental 
learning trial and the total correct on 
the following six intentional learning 
trials was .56. 

Individual scaling and learning.— 
We now turn to the results for Group 
CM-L alone. These Ss scaled items for 
difficulty in learning and then subse- 
quently were given six free-learning 
trials, For each of the 54 Ss the prod- 
uct-moment correlation between scale 
value and number correct in learning 
for the 27 items was determined. The 
mean correlation for the 54 Ss was .48. 
With 25 df, an r of .32 is required for 
the .05 significance level, .44 for the .01 
level. Of the 54 Ss, correlations for 44 
equaled or exceeded the .05 level, and 
36 equaled or exceeded the .01 level. 
Two negative correlations were ob- 
tained (—.02, —.32). Eight correla- 
tions in the .70’s were observed, the 
maximum being .78. Tt seems clear, 
therefore, that the individual is able to 
predict his own learning of the 27 
items with considerable success. 

_ The above correlations between indi- 
vidual learning and scaling appear to 
be considerably attenuated because of 
the restriction in the range of possible 
Scores for learning, With six trials, 
the scores for items may range only 
from 0 through 6. For rapid-learning 
Ss, many of the items were given six 
times correctly. If attenuation is seri- 
ous, the 7’s for rapid learners should 
be lower than for the learners. The 
54 Ss were divided into six groups of 
9 Ss each based on the total number of 
Correct responses given for all six trials 
for all items, Thus, there are six 
Sroups which differ in mean learning 
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ability. The mean correlations for each 
successive group are plotted in Fig. 1. 
These correlations, of course, are be- 
tween the individual scale values and 
the individual learning. It is quite clear 
that the correlations decrease as learn- 
ing ability increases, At the extremes, 
the mean correlation varies from .63 
for the 9 slowest learners to .26 for the 
9 most rapid learners, As would be 
expected, a plot of the mean standard 
deviation for the 27 learning scores by 
items for each S for each of the six sub- 
groups shows that the standard devia- 
tion decreases as the rate of learning 
increases. 

The above data indicate that the va- 
lidity coefficients for the individuals, 
while substantial, are nevertheless un- 
derestimations. At the minimum, it 
would seem, the correlation for the 
slow-learning Ss (.63) could be used 
as an estimate of the validity of the in- 
dividual ratings. Still, it might be 
argued that fast-learning Ss are simply 
poorer scalers of item difficulty than 
are slow-learning Ss, A test of this 
possibility was made. The group learn- 
ing scores for the 27 items were used, 
and these were correlated with each 
individual’s scaling of the 27 items. 
These 54 correlations averaged .71 and 
there was no clear relationship with 
learning ability, the r’s being .72, 71, 


LOW HIGH 


LEARNING-ABILITY GROUPINGS 

Fic. 1. Relationship between learning abil- 
ity and magnitude of correlations between in- 
dividual scale values and individual learning. 
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75, 71, 42, and .67 across the six 
ability groupings from low to high, re- 
spectively. At least, therefore, fast 
learners predict group learning as well 
as do slow learners. Finally, we may 
note that fast learners and slow learn- 
ers did not differ in the mean time to 
scale the items, so we presume that the 
reliability of the scale values are inde- 
pendent of learning ability. 

Idiosyncratic factors.—Finally, we 
ask about the possible presence of idio- 
syncratic components in the individual 
scale values. A difficult consonant syl- 
lable might be scaled as easy to learn 
by a given S if the three letters consti- 
tute his initials. If S speaks and writes 
a slavic language, certain of the tri- 
grams might be scaled as easy, when in 
fact they are difficult for other Ss to 
learn. It is remotely possible that the 
word BuG might produce an aversive 
reaction in some Ss. It might be ar- 
gued that since the correlations be- 
tween individual scale values and 
group-learning values were higher than 
those between individual scale values 
and individual learning, there can be 
no idiosyncratic component in the scale 
values, However, as reasoned above, 
the differences in these two sets of cor- 
relations are probably due in part at 
least to the restriction of the range of 
the individual learning scores, This 
factor, plus the higher reliability of 
group learning scores, may account for 
the differences, 

To determine if there was an idio- 
syncratic factor in the scale values, each 
individual’s values for the 27 items 
were paired randomly with another 
individual’s learning scores for these 
items. If there is an idiosyncratic fac- 
tor in the scaling, these correlations 
should be systematically lower than 
those obtained when each individual’s 
scale values were correlated with his 
own learning scores, The results do 
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show a systematic shift downward. As 
pointed out earlier, the mean corre- 
lation between the individual’s scale 
values and his learning scores was .48, 
The random pairing produced a mean 
correlation of 42. Of the 54 Ss 40 
showed a reduction, 12 an increase, 
and 2 remained the same. A t calcu- 
lated on the distribution of differences 
of the two arrays of correlations was 
2.83, significant beyond the .01 level, 
Also, a chi-square was calculated for 
the 40-14 split against an expected 
27-27 split expected by the null hy- 
pothesis. The chi-square, 12.52, is sig- 
nificant beyond the .01 level. We con- 
clude that there is an idiosyncratic 
component in the ratings. 


DISCUSSION 


All four indexes of item difficulty 
showed very high relationships with 
learning of the items when group meas- 
ures were used. The magnitude of the 
relationships were quite comparable either 
when S was asked to judge difficulty di- 
rectly or indirectly by scaling on pro- 
nunciability and number of associations. 
These data, therefore, allow no conclusion 
about critical characteristics of the items 
involved in the differences in difficulty in 
learning. 

Two previous studies (Cochran & Wick- 
ens, 1963; Scheible, 1954) have shown 
that association-value ratings by the indi- 
vidual do not relate to his learning of the 
items. Mandler and Huttenlocher (1956) 
did show a low relationship. The present 
results show that when S is asked to 
evaluate directly the difficulty of items his 
evaluations show substantial relationships 
with learning, not only his own learning 
but the learning of the group. This is 
true in spite of the fact that the learning 
Scores for the individuals in the present 
study were restricted in range and would 
therefore attenuate the individual correla- 
tions. Since the above mentioned studies 
Show that the association values as pro- 
duced by an individual do not predict his 
learning well (if at all), and since direct 
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ratings of difficulty do, it might be argued 
that association value per se is not a criti- 
cal characteristic involved in the learning 
of the items. However, this conclusion 
cannot be pressed because of the wide 
differences in the nature of these previous 
studies and the present one. 

The fact that the group scale values 
predict group learning better than indi- 
vidual scale values predict group learn- 
ing suggests that a given S does not take 
into account all characteristics relevant to 
learning when making his judgments of 
item difficulty. The group values, on the 
other hand, might be thought of as repre- 
senting a summing of all characteristics 
relevant to learning. That is, values for 
certain characteristics are contributed by 
certain Ss, values for other characteristics 
by other Ss, and so on, so that the group 
averages may accommodate a number of 
characteristics judged relevant to learn- 
ing. As attractive as this notion is, there 
is reason to believe that in the long run 
it will be shown false and that the 
individual's judgments will be shown to 
predict his own learning as well or better 
than the groups' judgment. The problem 
is that of getting equivalent reliability. 
The individual scale values for a given 
item of the present study, as well as the 
learning scores for a given item, repre- 
sents a single value for each, subject to 
the momentary fluctuations of such single 
Measures. If it were technically feasible 
to have S rate the 27 items on 54 inde- 
Pendent occasions (to correspond to 54 
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Ss), and to learn the 27 items on 54 inde- 
pendent occasions, and if the means for 
these 54 occasions were used to determine 
the correlation, it is quite possible that 
they would be higher than those found for 
the group. That they might be higher 
is suggested by the fact that there is a 
small idiosyncratic component in the scale 
values which is not adequately repre- 
sented in the group correlations. 
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INFORMATION VERSUS REWARD IN BINARY CHOICES 
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University of Michigan 


This binary prediction experiment isolates the rewarding character- 
istics of outcomes from their informative characteristics. On each of 
1,000 trials S had to choose between 2 acts. He could guess which 
of 2 lights was correct, whereupon a nickel was added to or subtracted 
from a sum to be paid to him after the experiment, but he received no 
immediate feedback. Or he could observe which light was correct with 
no financial consequences. All Ss deviated from optimal strategy by 
seeking far too much information. Nonstationary instructions hindered 
performance, hypothetical predictions improved it. 


In probability-learning experiments, 
S is told the outcome of each trial. 
This feedback has both informative and 
rewarding aspects. The S gains some 
information about the nature of the se- 
quence presented to him, and at the 
same time finds out whether his pre- 
diction was correct or incorrect. The 
present experiment examines these two 
functions of feedback separately, At 
each trial S chose either to observe the 
outcome with no payoff or to predict 
the outcome with no information, but 
with positive or negative payoff de- 
layed until the end of the experiment. 
Hence S could either gain information 
by observing the trial outcome, or bet 
on the trial outcome without knowl- 
edge of results. He could never do 
both on the same trial, In most infor- 
mation-seeking studies (see Edwards, 
1962, for a discussion) S accumulates 
information only on trials prior to 
choice, whereas the present experiment 
allowed S to establish his own pattern 
of observation and prediction trials, 


METHOD 


Apparatus—The S sat facing a box 
equipped with two lights and three levers. 


1 Work on this paper was supported by the 
United States Air Force under Grant AF- 
AFOSR 192-63 monitored by the Air Force 
Office of Scientific Research of the Air Force 
Office of Aerospace Research. 


At each one of the 1,000 trials either the left 
or the right light was set to go on. By 
pressing the left or the right lever S could 
guess which light was set to turn on the next 
trial In this case no light flashed, but the 
response was automatically recorded. If $ 
chose to observe rather than to guess, he 
pressed the middle lever and observed which 
of the lights turned on. Thus trial lengths 
and intertrial intervals were controlled by 5. 
A counter showed the trial number. During 
the experiment S was alone in a closed 
booth. 

Subjects.—Twenty-four undergraduate stu- 
dents from the University of Michigan served 
as Ss in the experiment. The Ss were run 
individually. Each session lasted approxi- 
mately 1 hr. 

Design.—The Ss were assigned randomly 
to eight different experimental groups in a 
2X2X2 design in which the independent 
variables were: instructional set, m value, 
and response type. » 

Instructions.—All Ss were presented with 
a binary sequence of 1,000 trials. They were 
told that the sequence was random with no 
repetitive patterns. Half of the Ss, the non- 
stationary instruction group, were told that 
the probability of each light would change 
during the experiment, The rest of the 5s, 
the stationary instruction group, were told 
that the probability of each light was fixed 
throughout the experiment. The actual se- 
quences were stationary. Thus any differ- 
ence between the groups is attributable to 
the instructions. 3 

m value.—Sixteen Ss were presented with 
a 60:40 sequence, 8 Ss were presented with 
2 70:30 sequence. The Sequences were Con- 
structed so that both run lengths and condi- 
tional probabilities equaled their expected 
values. (For details of the method of se- 
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quence construction, see Edwards, 1961.) 
The left light was more probable for all Ss. 
— Type of response allowed.—On each trial 
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TABLE 1 


Loox vs. BET: AVERAGE No. OF OBSERVATION TRIALS FOR 
EACH EXPERIMENTAL GROUP 


r=.6 


r=. 


Response Type 
Instructions 


Instructions 


Stationary | Nonstationary M 
Instructions 


Stationary 


Nonstationary 
Instructions M 


Instructions 


505 


635 
400 
517 


570 410 531 470 
282 135 299 217 
426 272 415 344 


Ss had to decide whether to predict, in which 
Case they would win or lose a nickel, or 
to observe, with no financial consequences. 
"Half of the Ss, the forced prediction group, 
Were instructed to give a hypothetical pre- 
diction with no financial consequence on ob- 
They did so by pressing 
either the left or the right lever after press- 
ing the middle lever. The other group of 5s 
‘made no hypothetical predictions on observa- 
At the end of the session Ss esti- 
mated both m and the number of trials on 
Which they made a prediction. 


RESULTS 


Information-seeking behavior: Look 
Us, bet.—Inspection of the data indi- 
cated that the distribution of the ob- 
servation trials is fairly uniform over 
all 1000 trials. The average number 
‘of observation trials for each group 
Over all trials is given in Table 1, and 
the results of a three-way analysis of 
Variance are given in Table 2. 


TABLE 2 


SUMMARY OF ANALYSIS OF VARIANCE 
OF OBSERVATION TRIALS 


Source df F 
Response Type | 1 | o7" 
Instructions "> 1 6.1* 
Value 1 3.87 
Aiegoctions (4) 4.47 
With ithin Cells ( MS) 16 (93.7) 
24 

BEN ee 

15 «.05. 

"ig 


The results indicate the following: 
(a) The Ss who were free to observe 
looked more than those who were 
forced to give hypothetical predictions 
on their observation trials, (b) The 
Ss who were told that the probability 
might change during the sequence 
looked more than those who received 
stationary instructions, (c) There was 
a tendency, though not statistically sig- 
nificant, for the 60:40 group to look 
more than the 70:30 group. (d) In- 
teraction effects were nonsignificant. 

The second dependent variable con- 
sidered was the relative frequency with 
which the left and right outcomes were 
predicted on prediction trials, Inspec- 
tion of the data indicated that for the 
forced prediction group, the propor- 
tions of hypothetical left predictions 
and “real” left predictions were almost 
identical. Only the latter are included 
in the analysis. The proportion of pre- 
dictions of the left light (always the 
more probable) changed very little 
after the first 50 trials, The mean pro- 
portions of predictions of the left light 
for all experimental groups over all 
trials are given in Table 3. The re- 
sults of a three-way analysis of vari- 
ance are given in Table 4. 

The results indicate the following: 
(a) The Ss in the forced-prediction 
group tended to predict left more than 
Ss in the free-looking group. (b) The 
probability of predicting left was higher 
for the stationary instruction group 
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TABLE 3 
LEFT vs. RIGHT: AVERAGE FREQUENCIES OF PREDICTING LEFT FOR 
EACH EXPERIMENTAL GROUP 
* 6 LENA 
Response Type 


Instructions 


Nonstationary | Nonstationary| jr 


Nonstationary | Nonstationary M 


Instructions | Instructions Instructions | Instructions 
Free-Choice Group. .601 .525 .563 -760 .680 «120 
Forced-Prediction Group| .705 .580 .643 -760 .695 21 
M .653 .553 .603 -760 688 124 


than for the nonstationary instruction 
group. In fact, Ss in the stationary 
group overpredicted left while Ss in 
the nonstationary group underpredicted 
left. (c) The 70:30 group predicted 
left more often than the 60:40 group. 
(d) Interaction effects were non- 
significant. 

The Ss estimated both probability of 
the left light and the proportion of the 
trials on which they made a prediction 
fairly accurately. Mean absolute devi- 
ation was 3.8% for the estimation of 
the probability of the left light and 
4.2% for the estimation of the propor- 
tion of trials on which a real prediction 
was made. When asked what they 
considered to be the best strategy to 
use in this task, most Ss suggested tak- 
ing small samples from time to time 
over the 1,000 trials and then predict- 
ing left or right with frequencies close 
to those estimated from the observed 


sample. This seems to describe what 
Ss in fact did, 


TABLE 4 


SUMMARY OF ANALYSIS OF VARIANCE 
OF LEFT PREDICTIONS 


Source df F 
Response Type 1 5.8* 
Instructions 1 7,31* 
7 Value 1 Tot 
I nteractions (4) 44 
Within Cells ( MS) 16 (23.4) 
Total 24 

"p Si 


Only two Ss mentioned that the 
“best” solution (under stationary con- 
ditions) would be to bet only on the 
left light. Surprisingly enough, only 
one of them actually followed this strat- 
egy. None of the Ss mentioned the 
fact that (under stationary conditions) 
one should observe first, and then bet 
without looking any more. 


Discussion 


The problem of optimal behavior will 
be considered for the stationary condition 
only, since no optimal strategy can be 
found for a nonstationary environment 
without additional assumptions. Optimal 
behavior, in the sense of maximizing ex- 
pected value, would consist of looking for 
the first » trials and betting after this 
point on the more frequent event (Wald, 
1947). The optimal value for m is less 
than 38 observation trials for the 60:40 
sequence and less than 33 for the 70:30 
sequence, ; 

The observed behavior differs dramati- 
cally from these figures. The mean num- 
ber of observation trials was 335 for the 
60:40 group, and 272 for the 70 :30 group. 
In addition, Ss spread their observation 
trials over the entire experiment, instead 
of observing only at the beginning. In 
other words, Ss collected close to 
times more information than was fe 
quired. Though most differences be- 
tween the treatment groups were in the 
direction predicted by a normative model, 
Ss were far indeed from what one would 
expect on the basis of such a model. 

The Ss who were told that the proba- 
bilities might change during the experi- 


ment looked much more often than those 
who were told that the probabilities were 
ed. The more complex the environ- 
ment, the more information is needed. 
_ An interesting finding, related to the 
probability-matching hypothesis, was that 
all Ss who received stationary instruc- 
tions predicted left consistently more 
‘often than the corresponding z value (.6 
or .7), while most Ss who received non- 
stationary instructions predicted left con- 
sistently less often than the corresponding 
m value. This finding suggests the hy- 
pothesis that the asymptotic probability of 
Predicting the outcome depends on S’s 
opinion concerning the process generating 
‘the observed sequence. 
_ Forcing Ss to give hypothetical predic- 
tions on their observation trials had a 
Significant effect. The average number 
of observation trials for this group was 
only 261, compared with an average of 
537 observation trials for the free-look- 
ing group. An intuitive interpretation 
this effect is suggested by a comment 
of one of the Ss in that group: “Since I 
have to make a choice anyhow, I might 
as well try to make some money on it.” 
A formal model for the obtained data 
might incorporate a notion such as cost 
associated with making a decision. It 
‘should be kept in mind that in the pres- 
ent study, S bet with a positive expected 
value provided that he bet on the left light 
More than 50% of the time. 


j 


INFORMATION AND REWARD IN BINARY CHOICE 


683 


The forced-prediction group bet on the 
left light more often than the free-looking 
group. This result may be related to the 
difference in betting proportion between 
them. It suggests that the more often 
one bets the more often he bets on the 
more likely event. Unlike Edwards’ 
(1961) Ss who reached asymptote only 
after several hundred trials, the present 
Ss stabilized within 50 trials. The most 
obvious difference of procedure that 
might account for the discrepancy is that 
the present Ss are college students, were 
paid for correct predictions and charged 
for incorrect ones, and used a convenient 
response device. Edwards’ basic airmen 
Ss were not paid and used a rather in- 
convenient response device. 

Finally, Ss estimated quite well both 
the relative frequency with which they bet 
and the relative frequency of the left out- 
come, Apparently, Ss perceive relative 
frequencies accurately but do not use 
them optimally in making decisions. 
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STARTING POSITION, ADAPTATION, AND VISUAL 
FRAMEWORK AS INFLUENCING THE 
PERCEPTION OF VERTICALITY + 


RICARDO B. MORANT ann JOEL ARONOFF 


Brandeis University 


Using an electrically controlled rod and frame apparatus, 16 Ss were 
exposed to various conditions of tilts of the rod alone, frame alone, and 
rod and frame together. Increased exposure time resulted in increased 
shifts in the position of apparent vertical in the rod alone and frame 
alone conditions but not in the rod and frame together conditions. 
Aftereffects measured on the rod alone, after viewing the rod and 
frame together, were found equivalent to those obtained after viewing 
the rod alone. This finding was supported in a 2nd experiment using 
longer exposure periods. 2 different mechanisms must be postulated 


to explain these effects. 


This report is concerned with visual 
factors which affect the perceived up- 
right. The condition investigated is 
one in which an isolated or partially 
isolated line is adjusted to apparent 
vertical. In this situation, differences 
between apparent and objective verti- 
cal have been shown to be due to (a) 
“starting position” (Werner & Wap- 
ner, 1952), (b) “adaptation” (Gibson, 
1937), and (c) “visual framework” 
(Witkin & Asch, 1948), The first two 
of these refer to the tendency to stop 
the line short of objective vertical when 
moving it in from a tilted position—the 
first, when the line is adjusted immedi- 
ately after its presentation ; the second, 
when it is adjusted after a period of 
inspection. The third refers to the in- 
fluence of the visual background on the 
apparent orientation of a line against 
which it is viewed, Two experiments 
were designed to compare the relative 
effects of these three factors and to an- 
swer the following questions : (a) Will 
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a more complex inspection figure, a 
square vs. a line, result in larger "start- 
ing position" and "adaptation" effects? 
(b) Do visual background effects in- 
crease with longer exposure? (c) Do 
visual background effects carry over 
when the background is removed; i.e., 
do they result in aftereffects ? 


METHOD 


A “rod and frame” (Witkin & Asch, 
1948) was constructed from Lucite and 
Lumiline bulbs. When viewed in a dark- 
room the effect was that of an illuminated, 
40-in. outline square in which was centered 
a 28-in. long “rod.” The sides of the square 
and width of the rod were both 4 in, Elec- 
trical control allowed for easy presentation 
of the rod or frame singly or together, rapid 
switching from one presentation to another, 
and constant intensity of stimulation during 
conditions of exposure and test. The task of 
S, seated 8 ft. in front of the rod and frame, 
was to instruct E how to move either the 
rod or frame so as to make it appear vertical 
after viewing it tilted 28° clockwise. 

Eight male and eight female freshmen were 
tested four times in each of the eight experi- 
mental conditions (randomly presented) de- 
fined in Table 1. Condition A is paradig- 
matic of Werner and Wapner’s “starting- 
position” effect; Cond. B, of Gibson’s “adap- 
tation” effect; Cond. E, of Witkin and 
Asch's “visual framework” effect. 
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VISUAL FRAMEWORK AND PERCEPTION OF VERTICALITY 


RESULTS AND DISCUSSION 


Table 1 shows that apparent vertical 
was always shifted clockwise. Each 
shift is significantly different from zero 
(p< .05 with two-tailed ¢ tests de- 
fines significance throughout paper). 
A more complex inspection figure, a 
square rather than a line, results in 
significantly larger starting position 
but not significantly larger adaptation 
effects (compare A and C; B and D). 
Assuming that the starting-position ef- 
fect is due to rapid, but partial, adapta- 
tion, we conclude that the rate of adap- 
tation is slower with the rod than the 
frame but that both reach approxi- 
mately the same level after brief in- 
spection, 

The inspection of a single figure, 
either the rod or the frame alone, for 
2 min. results in significantly increased 
adaptation (compare A and B; C and 
D). However, there is no significant 
shift in apparent vertical with longer 
inspection periods in the rod and frame 
situation (compare E and F). This 
and the following two considerations 
indicate that the rod and frame effect 
is different from the adaptation effects. 
(a) With the exception of the two rod 
and frame conditions, the variances of 
all other conditions are homogeneous 
(Cochran's test, Cochran, 1941). (b) 
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No aftereffect attributable to the frame 
is obtained in the rod and frame condi- 
tion. After a 2-min. exposure to the 
rod and frame, the adjustment of the 
rod, following removal of the frame, 
is similar to that following 2-min. ex- 
posure to the rod alone. Analogous re- 
sults are obtained when, following the 
2-min. exposure to the rod and frame, 
the rod is removed and the frame ad- 
justed to apparent vertical (compare 
B and G; D and H). 

'These results do not wholly accord 
with those of Cohen and Tepas (1958), 
who report increased error in judg- 
ments of vertical with 4-min. exposure 
to the rod and frame. Further, they 
report that after 8-min. exposure to the 
rod and frame, the adjustment of the 
rod following the removal of the frame 
is greater than after 8-min. exposure 
to the rod alone. Cohen and Tepas' 
study differed from ours in that it used 
longer exposure times and counter- 
clockwise tilts. The importance of 
these differences was evaluated in a 
second experiment. 

Using the apparatus and procedure 
of the first experiment but counter- 
clockwise tilts, four male and four fe- 
male freshmen were tested in five con- 
ditions, The first three of these were 
replications of Cond. A, E, and F; the 
fourth and fifth replicated Cond. F and 


TABLE 1 
EXPERIMENTAL CONDITIONS AND RESULTS 
, Time Interval Mean Position 
Cond, ; Figure Background during 
igure Exposed | Adjusted | betyetn emit | Adjusument sed 
LI 
A rod alone rod immediate dark room 1.5? cw 
B rod alone rod 2 min. dark room 2.5? cw 
c frame alone frame immediate dark room 2.9? cw 
D frame alone frame 2 min. dark room 3.1? cw 
E rod and frame rod immediate tilted frame 6.6? cw 
Ẹ rod and frame rod 2 min. tilted frame 7.0? cw 
G rod and frame rod 2 min. dark room 2.0° cw 
H rod and frame frame 2 min. dark room 3.7? cw. 
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G but with 8 rather than 2 min. of ex- 
posure. 

The shifts, all counterclockwise, were 
for the replication of Cond. A, 1.1°; 
Cond. E, 4.0°; Cond. F, 4.7°. The dif- 
ferences between these means and the 
comparable means obtained in the first 
experiment are not significant. After 
8 min. exposure to the rod and frame 
the shift of apparent vertical was 4.0°. 
Testing for aftereffect resulted in a 
mean shift of 1.3?. With longer ex- 
posure to the rod and frame, then, 
neither a larger shift of apparent verti- 
cal nor a larger aftereffect was ob- 
tained. These results again, are not 
comparable to those reported by Cohen 
and Tepas. We cannot explain the 
difference except to note that Cohen 
and Tepas used a luminescent rod and 
frame, Luminescent paint has various 
disadvantages. For example, it pro- 
vides S with a constantly varying 
stimulus since it fades rapidly and un- 
evenly and requires reactivation. 

Two mechanisms must be postulated 
to explain our results. One of these is 
equivalent to the principle discussed by 
Koffka (1935, p. 215) that the main 
lines of organization provide the main 
directions of space against which the 
orientation of figures are judged. Its 
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effects do not increase over time nor 
cause an aftereffect. The effects of the 
other mechanism do increase over time 
and do cause an aftereffect. It is this 
second mechanism which is responsible 
for the starting position and adaptation 
effects but not the visual background 
relational effect. 
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EFFECTS OF ASSOCIATION VALUE ON 
PERCEPTUAL SEARCH + 


EDWARD E. SMITH Ax» HOWARD EGETH 
University of Michigan 


The effect of association value (AV) on stimulus discriminability was 
investigated by using a search methodology which yields an estimate of 
] the time required to process each item. Ss were required to locate a 
target nonsense syllable embedded in a column of other nonsense syl- 
lables. 16 search lists were prepared so that there were 4 lists for 
each of the 4 possible combinations of high and low AV of target and 
] field items. The results failed to support the hypothesis that AV af- 
fects discriminability as had been concluded in an earlier study (Port- 
noy, Portnoy, & Salzinger, 1964), and indicated that letter-searching 
l strategies may account for the differences in results between the 2 


studies. 


In an attempt to study the effect of 
stimulus familiarity on discriminabil- 
ity, Portnoy, Portnoy, and Salzinger 
(1964) used a visual search technique 
in which Ss had to find a specified non- 
sense syllable in a rectangular array of 
50 nonsense syllables. "Their manipu- 
lation of familiarity consisted of using 
syllables of 0% and 100% association 
value (AV) according to Glaze’s 
(1928) tabulation. Sixteen search 
cards were prepared so that there were 
four cards for each of the four possible 
combinations of high and low AV of 
target and field items. Thus, in Cond. 
HL a high AV nonsense syllable was 
to be found in a field of 49 low AV syl- 
lables. The 50 syllables on each card 
were placed randomly among the 100 
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locations resulting when the card was 
divided into a 10 x 10 matrix. Their 
results, which indicated that search was 
faster when the target AV was high 
and when there was a difference in AV 
between the target and the field, led 
them to conclude that familiarity did 
affect discriminability. 

Both logical and methodological criti- 
cisms may be leveled at the Portnoy et 
al. study. First, their measure of total 
search time does not permit the sepa- 
ration of decision time per item (Neis- 
ser, 1963) from the total number of 
items searched, or, for that matter, 
from other reaction-time components. 
Thus, it cannot be determined whether 
familiarity affected the decision time 
per item examined, or the number of 
items which were actually examined. 
This conceptual distinction can be 
made operational by putting the sylla- 
bles to be searched into a single ver- 
tical column and instructing Ss to 
search from top to bottom. Search 
time then varies linearly with the serial 
position of the target in the list (Neis- 
ser, 1963). The slope of the search- 
time function gives the average deci- 
sion time per item scanned. The inter- 
cept of the function may be taken as an 
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inverse measure of the distance ahead 
of the “focus of attention" that a target 
can be at least tentatively identified. 
Presumably, S would skip those items 
between his focus of attention and the 
tentatively identified target and the 
greater the number of items he can 
skip the lower the intercept of his 
search-time function. The intercept, in 
part, also reflects other components of 
search time such as starting time and 
stopping time. We are assuming that 
the latter are the same in all condi- 
tions. Although discriminability may 
conceivably affect either the slope or 
intercept of the search-time function 
it should be made clear that the con- 
cept of discriminability is being in- 
voked differently in the two cases. If 
slope varies, then the ability to make 
rejections of the nontarget items has 
been influenced ; if intercept varies, the 
ability to make identifications of targets 
had been influenced. 

Second, in the previous study, it 
seems possible that Ss may have 
adopted a strategy of letter search. 
Since the initial letters of low AV syl- 
lables are not frequently found as the 
first letters of high AV syllables, and 
the initial letters of high AV syllables 
are not frequently found as the first 
letters of low AV syllables, the ma- 
nipulation of "familiarity" may actu- 
ally have manipulated little more than 
the similarity of the first letters of the 
target and field items. This would ac- 
count for the finding that search was 
faster when target and field differed 
in AV. 

Finally, it should be pointed out that 
search through a random selection of 
cells in a matrix is not a purely per- 
ceptual task. Efficient performance re- 
quires S to remember which areas have 
already been searched. However, even 
in an unhurried search situation, it has 
been shown that Ss may re-search 
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matrix cells (Hickey & Vegh, 1961). 
Thus, if the identity of the syllable oc- 
cupying a given location is used as a 
tag to indicate that the location has al- 
ready been examined, AV may well be 
a determinant of the degree of re- 
searching (and hence of search time) 
in view of the relation between AV and 
memory. The present search task, uti- 
lizing a single vertical column, ought 
to minimize memory effects. 


METHOD 


Subjects.—Twenty undergraduate and grad- 
uate students served as Ss. 

Preparation of stimulus lists. —To keep the 
stimulus materials similar to those used by 
Portnoy et al., 49 nonsense syllables of 0% 
AV and 49 of 100% AV were selected from 
the Glaze (1928) listings to be used as field 
items. In addition, eight 0% and eight 
100% AV syllables were selected as targets. 
These targets were, with three exceptions, 
identical to the targets used by Portnoy et 
al The three different syllables were chosen 
to permit more of an evaluation of letter- 
searching techniques than is possible from 
the Portnoy et al. data. 

Sixteen lists were prepared, four each of 
HL, LH, HH, and LL. The first letter of 
each pair designates the AV of the target, 
the second letter, the AV of the field. Each 
list consisted of a vertical column of 50 
typed syllables, 49 randomly ordered field 
items, and one target. Targets could appear 
in only the four following serial positions, 12, 
23, 32, and 43, although Ss were led to be- 
lieve that they might occur in any of the 50 
Possible positions. Within each set of four 
cards having the same target-field relation- 
ship, one target, chosen at random, was 
placed at each of the four permissible 
locations. v. 

Procedure.—The Ss were tested individu- 
ally. They were instructed to find a dif- 
ferent nonsense syllable on each of the six- 
teen lists. Before cach list was presented, 
Ss were shown the syllable for which they 
were to search, and a few seconds later 
uncovered the list. The Ss were instructe 
to search from top to bottom and to indicate 
verbally when they had found the target. 
list was placed on the desk in front of an»: 
Search time was defined as the interval be- 
tween the uncovering of the list and 95 
verbal response. Timing was done with à 
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stopwatch accurate to a fifth of a second. 
The lists were presented in a different ran- 
dom order for each S. 


RESULTS AND DISCUSSION 


The search-time data, averaged over 
Ss for each of the four targets appear- 
ing at the four possible target positions, 
are shown in Fig. 1 along with the 
equations of the best-fitting straight- 
line estimates of the four search-time 
functions. 

Inspection of Fig. 1 indicates that 
the data from the LL lists are some- 
what discrepant from the data of the 
other three which are quite similar to 
one another with regard to both slope 
and intercepts. With respect to the 
other three functions, it is especially to 
be noted that the LL curve is elevated 
between Serial Positions 12 and 23, 
which is coordinate with an increase in 
the intercept of this function. 

Examination of the LL lists in more 
detail suggests that the basis for this 
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HH ST*.I5SP +1.01 
HL ST=14SP +1.19 
LL ST=.125P + 2.7 
A—A LH ST=.I5SP +1.10 


12 23 32 43 


SERIAL POSITION 


„Fic, 1. Search time (ST) for each condi- 

tion, HH, HL, LL, and LH (first letter 

gives, AV of target, second of field) as a 
ion of serial position (SP). (The four 

equations „are for the best-fitting straight 
relating ST to SP.) 


689 


discrepancy may be due to letter- 
searching strategies rather than the ef- 
fects of familiarity. At the twelfth and 
twenty-third positions of the LL lists 
the targets were oov and vuK: there 
were nine other syllables beginning 
with Q and v in that list. At the thirty- 
second and forty-third positions the 
targets were FEH and Lay; the low AV 
field had no other syllable beginning 
with either F or L. These results sug- 
gest that search time is sensitive to the 
particular letters which constitute the 
list items. Specifically, when the target 
possesses a relatively rare first letter 
(with respect to the list in which it is 
embedded) search is faster than when 
the first letter occurs frequently as an 
initial letter. It does not seem appro- 
priate to attribute these differential let- 
ter effects to AV, since they were found 
within a set of items of identical target- 
field relationship, viz., within the LL 
set. Ideally, for any given type of list, 
e.g., LL, two different sets should have 
been used; one in which the targets had 
unique first letters and the other in 
which they had frequently occurring 
first letters. Unfortunately, given the 
population from which these syllables 
were drawn, this variation is impossible. 

Eight percent (26) of the responses 
were errors, with the majority of these 
being omissions. The 26 errors ap- 
peared to be equally distributed among 
the four types of lists. 


The results of this experiment indicate 
that familiarity, as defined by AV, does 
not influence discriminability when the 
criteria used to identify the latter are 
decision time per item or the intercept of 
the search-time function, The results 
further imply that letter-searching strate- 
gies, more than association value, may 
account for the results of Portnoy et al. 
(1964). 

After the completion of this experiment 
a relevant study by Schulz and Lovelace 
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(1964) was called to the attention of the 
authors. Using a search paradigm in 
which S had to locate a given CVC tri- 
gram in a horizontal array of 10 trigrams, 
they found that it took Ss longer to lo- 
cate the target trigram when both target 
and field items were of low meaningful- 
ness than when both target and field were 
of high meaningfulness. Since formal 
intralist similarity was controlled, the 
Schulz and Lovelace (1964) data appear 
to be in conflict with the present results. 
However, a horizontal array of items may 
induce Ss to read the items to themselves, 
a processing strategy different from letter 
search and one which would very likely 
be faster with trigrams of high rather 
than low meaningfulness. 
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RESPONSE DECREMENT IN EXTINCTION AND COUNTER 
CONDITIONING AS A FUNCTION OF THE NUMBER 
OF REINFORCED GUESSING RESPONSES + 
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A 6-alternative guessing task was used in a study of response decre- 


ment during extinction and counter 
108 Ss received 2, 4, or 16 reinforced 


conditioning. During acquisition, 
trials. Acquisition was followed 


by extinction or counter conditioning. For the extinction groups, the 
mean number of responses to the initially correct alternative increased 
significantly as a function of the number of previously reinforced trials. 
For the counter-conditioning groups a slight but nonsignificant increase 


between 2 and 4 reinforcements and 
and 16 reinforcements was obtained. 
rapid acquisition of the new correct 


a significant decrease between 4 
This decrease resulted from more 
response rather than from faster 


extinction of the initially reinforced response. 


The relationship between number of 
continuously reinforced responses and 
resistance to extinction most frequently 
has been assumed to be the increasing 
function obtained by Williams (1938), 
Perin (1942), and a number of other 
investigators (e.g., Harris & Nygaard, 
1961) with lever pressing in rats. In 
recent years, however, studies in sev- 
eral different learning situations have 
obtained results which suggest a non- 
monotonic relationship, initially in- 
creasing and then decreasing. North 
and Stimmel (1960) and others (e.g., 


'Ison, 1962; Siegel & Wagner, 1963) 


have found resistance to extinction of 
a runway response to decrease as a 
function of the number of reinforced 
trials. These results have been inter- 
preted in terms of the decreasing por- 
tion of a nonmonotonic function. Simi- 
larly, in a study of human guessing be- 
havior, Senko, Champ, and Capaldi 
(1961) have reported an initially in- 
creasing and then decreasing relation- 
Ship between the number of responses 


* This report is based on a master's thesis 
at Ohio University by the first author car- 


ried out under the direction of the second 
author, 
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during extinction and the number of 
acquisition trials. 

It is the latter finding with which the 
present study was concerned. The ex- 
tinction trials, in the study by Senko 
et al., were actually reversal or coun- 
ter-conditioning trials. The task stud- 
ied was one in which S was required 
to guess whether a piece of cloth was 
“in” or “out” of a covered well and 
then was allowed to determine whether 
his guess was correct, During acqui- 
sition the cloth was in the well and 
during "extinction" the cloth was out. 
Thus on the “extinction” trials, Ss 
were reinforced for "out" responses. 
The decrease in number of responses 
during "extinction" with the greater 
number of acquisition trials could have 
been due to more rapid acquisition of 
the “out” response rather than to faster 
extinction of “in.” The difficulty of 
interpreting response decrement, in this 
study, solely in terms of extinction has 
been pointed out by D’Amato and Ja- 
goda (1962). Others (eg. Detambel, 
1950; Estes, 1964) have made the same 
point in relation to early probability- 
learning studies such as that of Hum- 
phreys’ (1939). 
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The present study of a verbal- 
guessing task was designed to investi- 
gate the effect of number of reinforced 
trials on the frequency of occurrence of 
the initially reinforced response during 
extinction, where no response is re- 
inforced, i.e., correct, and during coun- 
ter conditioning, where an alternative 
response is reinforced. The former 
condition provides the usual extinction 
procedure while the latter is similar to 
that used by Senko et al. 


METHOD 


Subjects—The Ss were 72 male and 36 
female students enrolled in introductory psy- 
chology courses at Ohio University. 

Apparatus—The apparatus consisted of a 
flat tray on which six red plastic poker chips 
were placed ; a small red paper dot (reinforc- 
ing dot) which could be placed under one 
of the chips to designate the "correct" chip; 
and a partition which separated E from S. 
The tray, 81 X 121 in, was covered on both 
sides with gray felt. Positions numbered 
Írom one through six were aligned across 
the top. The partition was raised to allow 
E to pass the tray to S. 

Procedure.—The Ss were assigned ran- 
domly to six experimental groups, with the 
restriction that 12 males and 6 females were 
assigned to each of the groups. 

During acquisition, Ss in Groups 2E and 
2C received two reinforced trials (ie, they 
were run until they had selected the correct 
chip on two trials) ; Groups 4E and 4C re- 
ceived four reinforced trials; and Groups 16E 
and 16C received 16 reinforced trials. For 
individual Ss, the position of the correct 
chip remained the same throughout acquisi- 
tion trials. Each of the six chip positions 
was used as the correct one for three Ss in 
each group, 

Following the acquisition trials Ss in the 
E groups received 42 extinction trials on 
which the reinforcing dot was not placed 
under any of the poker chips, so that no 
response was reinforced, i.e., correct. The 
C groups received 42 counter-condition- 
ing trials on which the reinforcing dot 
was shifted from the initially correct posi- 
tion to one of the other five chip positions. 
The correct chip position during counter 
conditioning was determined randomly with 
the restriction that each of the positions 
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was used for three Ss in each of the C 
groups. 

The Ss were instructed to guess on each 
trial which chip had the red dot under it, 
After each guess the tray was immediately 
withdrawn. During the intertrial interval, 
which was from 5 to 8 sec. in length, E 
interchanged two or three of the poker chips 
and realigned them on the tray. The extinc- 
tion or counter-conditioning trials were be- 
gun immediately after the last reinforcement 
was given. 


RESULTS 


Acquisition —The means of the num- 
ber of acquisition trials required to reach 
acquisition criterion (2, 4, or 16 correct 
responses) for the E and C groups 
were: 2E:9.7; 4E:112; 16E:281; 
2C:10.6; 4C:13.3; 16C:24.3. Differ- 
ences between the means for compara- 
ble E and C groups were tested by ! 
tests. No significant differences were 
found at the .05 level. 

Number of responses to the initially 
correct chip position during extinction 
and counter conditioning.—Table 1 
gives the mean number of responses tó 
the initially correct chip made during 
the 42 extinction or counter-condition- 
ing trials. The relationships between 
the mean number of such responses and 
the number of reinforcements for the 
E and C conditions are shown in Fig. 
1. The mean number of responses is 
an increasing function of number of re- 
inforcements for the extinction condi- 
tion (E groups), but for the counter- 
conditioning (C) groups, the curve int- 
tially increases and then decreases. An 
analysis of variance was run on the 
means of the six groups. The sum- 
mary table of this analysis is shown 
Table 2. Since a Bartlett's test re- 
sulted in rejection of the hypothesis of 
homogeneity of variance, the level of 
significance was set at .025, as recom 
mended by Lindquist (1956). Signifi- 
cant Fs were obtained for both maim 
effects and for the interaction. For the 
E groups, ¢ tests showed that the i- 
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Fic. 1. Mean number of initially correct 
responses during extinction (E) and counter 
conditioning (C). 


crease between 2 and 4 reinforcements 
was significant, £(30) = 3.02, p < .025, 
while the increase between 4 and 16 re- 
inforcements was not significant, t = 
63. For the C groups, the difference 
between 2 and 4 reinforcements was 
not significant, f= 1.25, but the de- 
crease from 4 to 16 reinforcements was 
significant, ((30) = 3.37, p < .025. 
Figure 2 shows the mean number of 
. responses to the initially correct chip 
over blocks of six extinction or counter- 
conditioning trials. Separate analyses 
of variance, Number of Reinforcements 
X Trial Blocks, were run for the E and 
the C groups. The analysis of the 
groups resulted in significant Fs, 
? < .025, for both number of reinforce- 
ments and trial blocks. The interaction 
effect was not significant. For the C 


TABLE 1 


MEAN NUMBER or RESPONSES TO THE 
INITIALLY Correct CHIP DURING 
EXTINCTION AND COUNTER 
CONDITIONING 


No. of Reinforcements 


Procedure 
| 2 4 16 
=] 
| E 8.2 10.3 10.8 
c 4.6 5.7 3.0 
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TABLE 2 


ANALYSIS OF VARIANCE OF NUMBER OF INI- 
TIALLY CORRECT RESPONSES DURING 
EXTINCTION AND COUNTER 


CONDITIONING 
Source df F 
No. of Reinf. (R) 2 4.46* 
Procedure (P) (E vs. C) 1 142.16* 
RXP 2 7.97* 
Error (mean square) 102 (5.44) 


*p «.025. 


groups all three variance components 
were found to be significant at the .025 
level. As can be seen in Fig. 2, all 
three of the E groups showed a slight 
increase in the mean number of re- 
sponses on Trial Block 7. This in- 
crease, however, was not significant 
when tested by an analysis of variance 
for Blocks 6 and 7. 

The means of the number of re- 
sponses to the initially correct chip 
before selecting another chip for the 
six groups were: 2E:44; 4E:83; 
16E:1.50; 2C :.44; 4C:.89; and 16C: 
1.67. The differences between the 
means for the three E groups were sig- 
nificant at the .05 level as tested by a 
Kruskal-Wallace test. The differences 
between the means for the three C 
groups were also significant. The fact 


e 2Ee—e  2Co—o 
4Eb-à  4Ch-a 
16Co---0 
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Fic. 2. Mean number of initially correct 
responses for blocks of extinction and coun- 
ter conditioning trials, six trials per block. 
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TABLE 3 


NUMBER or Ss MAKING THE INITIALLY 
Correct RESPONSE ON CONSECU- 
TIVE EARLY EXTINCTION AND 
CouNTER-CONDITIONING 
TRIALS 


Groups 
Trials 


2E | 4E | 16E | 2C | 4C | 16C 


1 8 |13| 18 | 7 | 12 | 17 
1and2 0 Qed ye 4) 9 
1,2,and3 | 0 0|2]|0 0| 1 


that the means for both 2- and 4- 
reinforcement conditions are less than 
one shows that not all Ss in these 
groups responded to the initially cor- 
rect chip on the first extinction. or 
counter-conditioning trial Table 3 
shows the number of 5s responding to 
the initially correct chip on consecutive 
early extinction and counter-condition- 
ing trials. No statistical analyses were 
run on the data in this table because of 
the small cell frequencies, but the fre- 
quencies indicate that the higher the 
number of previously reinforced re- 
sponses, the longer Ss continued re- 
sponding to the initially correct chip, 
in both the E and C conditions. 


ZU---0-----0--- 


N [7] 


MEAN NQ OF RESPONSES 


[ 
BLOCKS OF TRIALS 


Fic. 3. Mean number of responses to the 


correct alternative for counter-conditioning 
trials, six trials per block, 


EDWARD L. TREMBLEY AND JOHN E. NYGAARD 


Acquisition of the alternative re- 
sponse in C groups.—Figure 3 shows 
the acquisition curves for the correct 
alternative response during counter 
conditioning. The Ss in Group 16C 
learned the alternative response much 
more rapidly than did those in Groups 
4C and 2C. The means of the number 
of correct alternative responses during 
counter conditioning were 2C:278; 
4C:27.9; and 16C:36.3. An analysis 
of variance revealed differences be- 
tween these means to be significant, 
F(2,51) = 8.50, p < .01. 


Discussion 


The increase in the number of initially 
correct responses as a function of the 
number of reinforced trials obtained for 
the extinction (E) condition was found 
to be a monotonic increasing function. 
The nonmonotonic relationship reported 
by Senko et al. (1961) for a human 
guessing task was not obtained for the 
extinction (E) condition but was found 
for the counter-conditioning (C) groups. 
The Ss in the C groups, however, before 
selecting the new correct alternative, 
showed greater resistance to extinction 
as a function of the number of reinforced 
responses for the initially correct chip. 
Acquisition of the new response was 
much more rapid for the 16C group than 
for the 2C and 4C groups. The decrease 
in the number of initially correct re- 
sponses between 4 and 16 reinforced re- 
sponses for the C groups is clearly due to 
the more rapid acquisition of the new re- 
sponse rather than to extinction of the 
initially reinforced response. The non- 
monotonic function appears then to be 
dependent upon two factors, Greater rê- 
sistance to extinction accounts for the 
initial increase while more rapid acquist- 
tion of the new response is responsible for 
the decreasing portion. The Senko et al. 
data would seem to be most easily aC 
counted for in the same manner. 

The more rapid acquisition of the alter- 
native response for the 16C group is most 
likely due to Ss learning the pattern © 


Correct responses during the acquisition 
This pattern transfers to the 
atively correct chip in counter con- 
oning. Murillo and Capaldi (1961) 
make a similar suggestion in reporting 
— faster “extinction” of an overlearned re- 
sponse following partial reinforcement 
_with the same task and extinction proce- 
dure as that of Senko et al. In account- 
_ ing for their inverse function between 
number of acquisition trials and resist- 
ance to extinction, they suggest that a 
“mediating reaction such as Reid's (1953) 
- “response of discriminating” may be re- 
quired to account for the decreasing por- 
ion of the curve. 
The positive relationship found between 
_ number of reinforced trials and resistance 
to extinction differs from the results ob- 
led by Lewis and Duncan (1956, 1958) 
for human Ss, In both of their studies, 
urine a card-playing task and one a 
lever-pulling response, an inverse rela- 
onship was obtained between the two 
, In the report of the earlier 
study, Lewis and Duncan suggest stimu- 
lus satiation as one of the possible factors 
Tesponsible for the inverse relationship. 
lhis interpretation could account for the 
terence between their results and the 
f dings of the present study. Lewis and 
can in both of their studies used an 
rminated procedure with the number 
f plays to quitting as the measure of 
Tesistance to extinction. Stimulus sati- 
‘in the S-terminated situation would 
in Ss terminating their present be- 
T and turning to new stimuli. In 
"present study, Ss were required to 
ue responding on each trial, and the 
hate stimuli to which they could re- 
Were identical to the originally re- 
d one except for position on the 
Y. Satiation effects would be expected 
Beneralize to the similar alternatives 
üs have little effect on resistance to 
tion in this situation. 
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INFLUENCE OF LUMINANCE ON A TWO-CHOICE 
DECISION TASK 


JAMES R. NAZZARO? AND JOAO CLAUDIO TODOROV 


Universidade de Brasilia 


The influence of differing levels of luminance on probability of re- 
sponse was investigated. 63 Ss were given 200 trials in a 2-choice 
guessing task. The lights appeared according to a random schedule. 
2 groups were used, 1 receiving reinforcement in the proportions 75:25 
and the other 50:50, Within each group 3 different luminance condi- 
tions were used: right light brighter than left, right light dimmer than 
left, and both lights equal. Greater luminance with the more frequent 
light produced greater response frequency than when both lights were 
equal. Lower luminance with the more frequent light produced lower 
response frequency. When both lights appeared equally often, lumi- 
nance had no effect on response frequency. The data were interpreted 
in terms of magnitude of reinforcement, and in the increased forma- 


tion of response sets. 


The purpose of the present experi- 
ment was to investigate the effect of 
different luminances on the probability 
of response in a two-choice guessing 
experiment. 

The fact that Ss tend to distribute 
their responses according to reinforce- 
ment probability was established by 
Humphreys (1939). Since then, other 
investigators have confirmed and ex- 
tended these findings (Anderson & 
Whalen, 1960; Estes & Straughan, 
1954; Grant, Hake, & Hornseth, 1951). 

A positive reinforcer has been de- 
fined as any event which, when its pres- 
entation is made contingent upon a bit 
of behavior, increases the probability of 
recurrence of that behavior. Further- 
more, increasing the magnitude of re- 
inforcement has the effect of increas- 
ing the level of performance (Crespi, 
1944). Guttman (1953, 1954) showed 
that the acquisition of a bar-press re- 
sponse was proportionately related to 


1 This nae was read at the ninth Inter- 
american Congress of Psychology held i 
Miami, December 1964, A " 

2 po ub of absence from Mary Washing- 
ton College of the University of Virgini. 
1964-65. pr 


the amount of reinforcement. One pos- 
sible explanation for this relationship 
is that the degree of reinforcing effects, 
of a reinforcer, is closely related to 
the receptor activity it generates (Bin- 
dra, 1959). 

Kling, Horowitz, and  Delhagen 
(1956) found that rats would press à 
bar in order to change illumination 
level in the absence of any primary te- 
inforcement, thereby establishing evi- 
dence for the positive reinforcing ef 
fects of a sensory variable. 

The nature of behavioral changes to 
various intensities of light can be in- 
ferred from a psychophysical study by 
Nazzaro (1964). It was found that 
response variability decreased as inten- 
sity increased. 

On the basis of these findings, it was 
hypothesized that different levels of 
luminance would exert an effect on the 
probability of response in a two-choice 
guessing situation. 


METHOD 


Apparatus—The apparatus consisted of à 
box, 10X10X12 in., housing two i 
(110-v. ac) frosted incandescent pos 
These reinforcing lights were placed: so t 
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they illuminated 1š-in. circular apertures 
covered with frosted diffusing glass. The 
voltage to each light was individually regu- 
lated by separate rheostats and monitored by 
a voltmeter so that the luminance of each 
light was kept constant at 3.20-log foot- 
lamberts (ftl.). A filter, made of clear white 
paper, was used to reduce the luminance of 
one of the lights by approximately one-log 
unit. 

The S's sat at a table facing the lights 
which were approximately 8 in. above the 
table top. The distance between the centers 
of the apertures was 41 in. Below each light 
was a telegraph key upon which S made his 
responses. 

Subjects—The Ss were 63 students and 
instructors at the University of Brasilia. 

Procedure.—Each S was tested individu- 
ally in a darkened room. The E sat in an 
adjoining room and determined which of the 
reinforcing lights would appear on each trial. 
A trial consisted of S’s response followed by 
a 3-sec. light, .2 sec. after S released the 
telegraph key. The S's responses were re- 
corded on counters and reinforcement latency 
and duration were controlled by associated 
relay circuitry. 

The Ss were allowed to dark adapt for ap- 
proximately 5 min., while the following in- 
structions were read in Portuguese: 


This is an experiment in guessing be- 
havior, We want to know how people 
guess. Sometimes the light will appear on 
one side and sometimes on the other. Try 
to guess which side the light will appear 
next and press the corresponding key. 
When you release the key, the light will 
come on and will stay on for 3 sec. Wait 
until the light goes off and then guess 
again. 


Two main groups were used, one receiving 
reinforcement in the proportions 50:50 and 
the other 75:25. Within each group three 
different luminance conditions were pre- 
Sented : right light brighter than left light, 
right light dimmer than left light, and both 
lights equal. In the 75:25 group, in order 
to control for position, half the group re- 
ceived the 75% light on the left and half re- 
ceived the 75% light on the right. The Ss 
Ae assigned to groups and conditions ran- 

lomly ; 27 Ss in the 50:50 group, 9 within 
ma luminance condition, and 36 Ss in the 
d :25 group, 12 per luminance condition, 

ivided equally between those receiving the 

% light on the left or on the right. 

he reinforcing lights were presented ran- 
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domly according to Gellerman (1933) and 
modified Gellerman series. Each S was given 
200 trials. 


RESULTS 


The data for the 75:25 and the 50:50 
groups were analyzed separately for the 
effects of luminance and response vari- 
ability. 

Figure 1 shows the proportion of re- 
sponses of the 75:25 group to the most 
frequent light as a function of trials in 
blocks of 40. No significant differences 
were found between Ss receiving the 
75% light on the left and on the right; 
therefore the data were combined. It 
can be seen that at 200 trials, Ss dis- 
tribute their responses in approximately 
the same proportions as the frequency 
of reinforcement. The group for which 
the brighter light appeared 75% of the 
time had the highest mean number of 
responses whereas the 75% dim-light 
group had the lowest mean number of 
responses. When both lights had the 
same luminance, the mean number of 
responses fell between the bright-light 
and dim-light groups. Significant dif- 
ferences (t = 1.82, p < .05) were found 
for the last block of 40 trials between 
the means of the bright-light and dim- 
light groups. No other significant dif- 


MEAN PERCENT RESPONSE TO 
THE MOST FREQUENT LIGHT 
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Fic. 1. Mean percentage of responses to 
the most frequent light per 40-trial blocks, 
where the most frequent light appeared 75% / 
of the time and was either brighter, dimmer, 
or equal to the 25% light. (Each curve is 
the mean of 12 Ss.) 
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TABLE 1 
MEAN VARIANCES FOR ALL TRIALS 
IN BLocks or 20 
Reinforcement Ratio 
Luminance 

75:25 50:50 

Equal 5.82 6.91 

Bright 3.95 3.67 

Dim 6.07 3.71 


ferences were found, probably due to 
the large variability within groups. 

Since the variability within groups 
was large, an analysis of variance was 
run on the mean variance within groups 
for all trials in blocks of 20. The mean 
variances are shown in Table 1. Sig- 
nificant differences, F (2, 27) — 3.38, 
p € .05, were found between groups. 
To determine the nature of the differ- 
ences, ¢ tests for differences between 
mean variances were obtained. The 
mean variance for the bright light was 
significantly less than the mean vari- 
ance for the equal or dim lights. The 
t values are given in Table 2. No sig- 
nificant differences were found between 
the mean variances of the dim-light and 
equal-light groups. 

Figure 2 shows the results for three 
groups of Ss when reinforcement was 
presented equally on the right and left. 
The number of responses on the right 
key was arbitrarily chosen for presenta- 


TABLE 2 


VALUES OF £ FOR DIFFERENCES BETWEEN 
MEAN VARIANCES 


Reinforcement Ratio 


Groups 


Bright X Dim 
Bright X Equal 
Dim X Equal 


et $$ 
*p «.05. 
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tion. An analysis of variance on mean 
number of responses for the last block 
of 40 trials showed no significant dif- 
ferences between groups. 

Although there were no significant 
differences (t= .04) between Ss re- 
ceiving the bright light on the right as 
compared to the left, the data were kept 
separate for the 50:50 condition in or- 
der to compare the luminance variable 
to the 75:25 group. 

An analysis of variance for mean 
variances within groups for all trials in 
blocks of 20 showed significant differ- 
ences, F (2, 27) = 4.32, p « .05, for 
the three levels of luminance. Here 
the smallest mean variances were found 
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Fic. 2. Mean percentage of responses to 
one of the 50% appearing lights as a function 
of trials in blocks of 40 for three different 
luminance conditions. (Each curve is the 
mean of 9 Ss.) 


for groups where the two stimuli were 
different. The condition in which both 
stimuli were of equal luminance shows 
the largest variability as can be seen in 
Table 1. The ¢ values for all compari- 
sons are shown in Table 2. 


Discussion 


It can be seen that, in general, 55 
tended to respond according to the "prob 
ability-matching" theorem (Restle, 1961). 
That is, response probability approaches 
the probability of the event. When the 
number of stimuli is small (two or three), 
and the number of trials is large (3 
500), there appears a slight tendency t0 
overshoot the frequencies of the most Dx 
quent events (Restle, 1961). It may 


‘that, in our case, because the number of 
“trials did not exceed 200, the asymp- 
tote of responding was not reached. Only 

— the bright-light 75:25 group responded in 
the exact proportion to the presentation 

of reinforcement. When the most fre- 
quent light was dim, there seemed to be 
a tendency to undershoot the stimulus 
— probability. In the 75:25 group, when 
the bright light appeared 75% of the 
time, the luminance dimension supported 
- the frequency dimension, When the 75% 
light was dim, the luminance dimension 
Y in opposition to the frequency dimen- 
and consequently Ss tended to over- 
estimate the 25% bright light. 

These speculations were supported by 
data on response variability. The 
smallest response variability was found 
when high luminance and 75% frequency 
ine. together. The next largest vari- 
ability occurred when the lights were of 
‘luminance and the largest variabil- 
"when frequency and luminance were 


— In the 50:50 group, no significant dif- 
ferences with respect to luminance were 
ed, In this case, there was no 
icy-luminance conflict since both 
appeared with the same frequency. 
distribute their responses according 
_ to the probability-matching theorem, their 
responses would be reinforced 50% of the 
time and extinguished 50% of the time. 
retically then, no learning should 
place. Regardless of stimulus 
es, each event is equally likely, and 
Systematic effects of luminance may 
cured by extinction. However, the 
St variability was found for both 
bright-light and dim-light groups in- 
cating that luminance differences ex- 
Stabilizing effect on response 
lity. When there were no lumi- 
differences (i.e. both lights were 
al), variability almost doubled. 

pears almost certain that Ss formed 
| Sets—attending to either posi- 
mance, frequency, sequence, or 
S still more complicated combina- 
Introducing the additional variable 
ance increased the possible num- 
response sets available to S and 
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hence may have reduced variability of 
behavior. 

Finally, luminance differences may be 
considered, at best, weak determinants of 
behavior. Differences of one-log unit 
form only a small portion of the human 
limits of vision. But, even within this 
limited range, luminance had significant 
effects. 
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BEHAVIOR IN A CONTINUOUS-RESPONSE TASK WITH 
QUASI-DETERMINATE, NONCONTINGENT 
REINFORCEMENT 


SEYMOUR 


ROSENBERG 


Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey 


"The purpose of the study was twofold: (a) To determine whether the 


behavioral effects of '' 


awareness" can be demonstrated when these 


effects are not obscured by learning effects, The experimental situation 


S's response. In both cases a noncontingent schedule was used. (b) 


To examine behavior in a 


inate situation with a stochastic 


model tm for the determinate case. 64 Ss were run 
for 151 trials, 2 sets of instructions luced differences between 


of responses, 
ity and heteroscedasticity, only the 


the 2 fundamental proper- 


lineari: 
heteroscedasticity property was found in the data. 
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from Ss’ attempts to influence each 
's responses. 

It may, in fact, be the case that the 
learning effects that have been pre 
duced by the individual and inter 
personal reinforcement schedules 
in these studies obscure any effects 
that are due to “social awareness 
In order to examine this possibility, 
a continuous-response task in whi 
learning effects were minimized wat 
employed in the present experiment: 
That is, although the outcome on 
trial contained an identifiable rein: 

t operation, a reinfc 
schedule was chosen so as not 89 
provide S with any useful information 
for ing the probability 
correct outcomes on future trials. 


For half the Ss in this study, the 
teome following each response was 
ted to the behavior of another 
S; for the remaining Ss, the outcome 
‘was presented as part of a standard 
individual learning situation, In both 
conditions, all outcomes were con- 
trolled by E. 


MxTHOD 


— Apparatus. —Details of apparatus have 
ae described elsewhere (Rosenberg, 1963). 
Briefly, the response continuum consisted 

the numerical interval (0,100) and on each 
selected a point in this interval by 


of a cathode-ray tube. 
‘of the tube face visible to S was an Sem, 
A small illuminated dot appeared 
in this square following a response by $. 
S's numerical response determined 

tal displacement of the dot on the 
The response bounds, 0 and 100, 


touching anywhere on a black "goal line” 
cm. thick painted horizontally on the 
» An S in the present 
one of two horizontal 


vertical displacement. 
line within the square is S's 
line and the dot is a posible outcome.) 
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is a trial in which 3 selected $0 and Æ dis- 
placed the dot one fourth of the available 
vertical distance, The we of any horizontal 

line in this task exemplifies à quasi- 


The quasi-determinate situation differs fi 
nate sitiat: ers irom 
the determinate situation (Estes, 1957; 
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the oondeterminate 
& Zinnes, 1961) in that, 
ionshi 
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not see or talk to each other during the experi- 
ment. The Ss given standard “Asocial,” 
instructions were run individually. 

All Ss were given 151 consecutive trials. 
Each trial lasted 12 sec. and consisted of the 
following sequence: (a) S positioned the 
response knob in the interval (0,100); (b) 
the oscilloscope displayed the dot position 
to S; (c) S moved the knob pointer out of the 
numerical interval to an off-scale position 
and a new trial was started. Timing of each 
event was the same as that of the previous 
study (Rosenberg, 1963). 

Design.—A 2 X 2 factorial design was used 
with 16 Ss in each of four conditions. 

One experimental variable was the varia- 
tion in instructions (and concomitant schedul- 
ing of individuals or pairs) already described. 

The second experimental variable was the 
location of the horizontal goal line. To 
describe the location of the goal line it is 
convenient to assign the numerical interval 
(0,100) to the vertical axis of the display 
square. The intercept of the goal line was 
16 for half the Ss and 84 for the remaining Ss. 
The variation in goal-line position was used 
for counterbalancing purposes and has no 
general significance. 

The four conditions will be designated 
S-16, A-16, S-84, and A-84. The letter refers 
to the instructional condition (Social or 
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Asocial) and the number to the location of 
the horizontal goal line (16 or 84). “Groups 
16" refers to both S-16 and A-16; "Groups 
84” refers to both S-84 and A-84. 

For Ss in Groups 16 (Groups 84), the ver- 
tical displacements were randomly selected 
on each trial from a uniform distribution 
with a range of 0-32 (range of 68-100), 
inclusive. Four different sequences of 151 
values each were used to program vertical 
displacements, A sequence appropriately 
transformed in range was randomly assigned 
to S with the restriction that all sequences 
occur equally often in each cell of the 2 X 2 
design. 


RESULTS AND DISCUSSION 


Response histograms and moments.— 
Response histograms for each of the 
four conditions are given in Fig. 2. 
Each histogram is based on data from 
16 Ss. The graphs reveal a mode at 
50 in each condition and strongly 
suggest the presence of a second mode 
around 16 for S-16 and around 84 for 
S-84. 

A statistical comparison of the 
effects of Social and Asocial instruc- 
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tions was performed as follows. A 
count was first made of the number 
of responses by each S in the following 
three response intervals: (0, 33), 
(84, 66), (67, 100). An analysis of 
variance was performed on Groups 
16 and Groups 84, separately, with 
the number of responses in an interval 
as the dependent variable. In each 
analysis, a source of variance was 
thus extracted for: (a) Response 
Interval; (b) Conditions (Social and 
Asocial instructions) X Response In- 
terval; (c) Ss in Social Condition 
XResponse Interval; (d) Ss in Asocial 
Condition X Response Interval. There 
is no variance associated with the 
between-Ss or  between-conditions 
main effects since the same number 
of responses was obtained from all Ss. 

Source b is relevant for a statistical 
test of the observed differences in 
response distribution between Social 
and Asocial conditions (with Sources 
c and d pooled for an error term). 
Statisticallysignificantdifferenceswere 
obtained for Groups 84, F (2, 60) 
= 5.38, p < .001, and for both groups 
combined, F (4, 120). = 3.25, p < .05, 
but not for Groups 16. There is no 
theoretical reason why Groups 16 
should not demonstrate as large an 
effect as Groups 84. Statistical 
comparisons between Sources c and d 
were also significant for Groups 84, 
F (30, 30) = 3.60, p < .002, and for 
both groups combined, F (60, 60) 
= 2.61, p < .002, and indicate more 
variability among Ss in the Social 
conditions than in the Asocial con- 
ditions. 

These results taken together sug- 
gest that some Ss in the Social groups 
assume that the “person in the next 
booth” (instructions) has the same 
goal line as they do. The assumption 
that another’s goals are the same as 
one's own is probably a common social 
Teaction in a noncompetitive situation. 


The quasi-determinate situation 
with a noncontingent reinforcement 
schedule is especially good for demon- 
strating the "assumed similarity of 
goals" in the Social condition. The 
behavioral effects of this social reac- 
tion may be viewed as an "initial 
condition" which would be altered 
or diluted with a contingent schedule, 
e.g., where vertical displacements of 
the dot are a linear function of S's 
responses. The initial condition re- 
mains relatively undisturbed, how- 
ever, with the noncontingent schedule. 

The social reaction is also dis- 
guised in the determinate situation 
where a sloping goal line is used. 
The behavioral effects in a deter- 
minate situation are essentially the 
same whether S acts on the assump- 
tion that his goal line is the same as 
the other's or simply changes his 
response as predicted by a deter- 
minate learning model (Rosenberg, 
1963). 

Response means and response vari- 
ances were obtained for each S in each 
block of 10 trials. Analyses indicated 
no systematic change in either of 
these two statistics over trial blocks 
nor any significant differences between 
experimental groups. Response means 
were about 50. Average response 
variances of about 300 over the ex- 
perimental session indicate that Ss do 
not "give up” or gradually fixate on a 
small response interval. 


A stochastic model and the quasi- 
determinate situation—By reinterpret- 
ing a model developed for the deter- 
minate situation, we obtain the following 
difference equation for the quasi-deter- 
minate situation: 


Axn = An Va + €n, [1] 


where Ax, is the change in response from 
Trial n to Trial n + 1, ie. Xnpi — X», 
and V, is the vertical distance from the 
goal line to the dot on Trial n. The 
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properties assumed for the hypothetical 
random variables a, and e, are given in 
Rouanet and Rosenberg (1964). The 
reinterpretation of the determinate model 
so as to obtain Equation 1 is essentially 
a substitution of V, for the distance 
between correct and actual responses in 
a determinate situation. 

Two important properties of this 
model can be investigated directly with 
the data. / 

The first is linearity, i.e., the assump- 
tion that a stochastic linear function is 
sufficient to describe the relationship 
between the change in response Ax, and 
the distance to the goal V,. A number 
of statistical analyses involving ob- 
served values of Ax, and V, was per- 
formed. The results of these analyses 
are not reported in detail here since 
there was little indication of either a 
linear or a curvilinear relationship be- 
tween these two variables. From these 
analyses, it is clear that à (mean of o, 
in Equation 1) may be set equal to zero 
in a quasi-determinate situation with 
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noncontingent reinforcement. However, 
preliminary work with a horizontal line 
and various contingent schedules indi- 
cate that Ss readily learn the correct 
response. Equation 1 can account for 
such learning only if &# 0, ie, >0 
or <0 depending upon the contingent 
schedule. It is of interest to determine 
how and when S “adopts” an appro- 
priate à value, e.g., a gradual change inā 
from zero or an abrupt change to a non- 
zeroà value. A thorough analysis of the 
behavioral details from various con- 
tingent schedules will be necessary to 
determine the nature of the learning 
process in a quasi-determinate situation. 

The second important property of the 
model is heteroscedasticity. Heteroscedas- 
ticity refers to the fact that in the model 
the variance of Ax, is at a unique mini- 
mum when V, — 0 and increases sys- 
tematically as |V,| increases. The 
property of heteroscedasticity arises from 
the conception of a, as a random variable 
rather than as a constant. The average 
Observed variance of Ax, for different 
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intervals of V; is summarized in Fig. 3. 
In general each point is based on about 
100 observations with the exception of 
the two points in S-84 at V — 15 which 
is based on about 10 observations. 

Since the model predicts a parabolic 
relationship between the variance of 
Ax, and V,, the statistical analyses 
consisted of obtaining quadratic coeffi- 
cients from an orthogonal polynomial 
fitting of the variance data. Coefficients 
were obtained for each S in Trials 1-75 
and 76-150. The average values of the 
64 quadratic coefficients were 1.079 and 
1.352 for Trials 1-75 and 76-150, re- 
spectively. Both of these average values 
are significantly different from zero 
(p < .001) according to two ¢ tests, one 
on each set of 64 coefficients, An overall 
analysis of variance revealed no signifi- 
cant differences among experimental 
conditions or trial blocks although the 
parabolic shape is more pronounced in 
$-16 and A-84 than in the two other 
conditions (see Fig. 3). These results 
support the use of the random variable 
€; in the model with a mean equal to 
zero. Where the parabolic shape is 
pronounced, the minimum is at V £ 0, 
supporting the assumption that € = 0 
also. 

- What is the psychological interpreta- 
tion of the heteroscedasticity effect? 
It may be possible to interpret the 
heteroscedasticity effect in terms of 
'strategies" being entertained by S. 
That is, an S’s response on a trial may 
be the result of one of several different 
- Possible relationships between Ax, and 
Va In addition to being guided ex- 
Clusively by one of several general 
relationships between Ax, and V, on 
each trial, an S may also (on some trials) 
believe that one or more specific re- 
Sponse values will “work” regardless of 
the value of his response on the previous 
trial. (This type of strategy appears to 
be elicited by Social instructions.) Thus, 
an S may be sampling one from a number 
of different strategies on each trial. The 
heteroscedasticity effect may be pro- 
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duced if the number of different strategies 
from which S samples increases with the 
increasing vertical distance from the 
goal line. 

It is not clear at this point how a 
strategy-sampling process can be formal- 
ized so as to yield specific empirical 
predictions. Nor does the heteroscedas- 
ticity effect, per se, provide detailed 
information on the various possible 
strategies which may be present in S's 
repertoire. In addition, it will probably 
be necessary to incorporate the learning 
effects of various contingent schedules 
on strategy sampling in order to account 
for the behavioral changes which take 
place with the different reinforcement 
schedules. However, theoretical devel- 
opments along these lines may provide 
an interesting nexus between certain 
learning and problem-solving processes. 
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DL of pitch on the frequency and 


amplitude of the vibrato was measured and a correlation was sought 
between the amount of vibrato and DL reduction by stimulation. A 
strong correlation was found between vibrato amplitude and change in 
threshold. "Though there was a large effect of DL reduction on ampli- 
tude of vibrato, there was no effect on vibrato frequency. The results 


suggest that there is a compensat 
tive movement in this skill. 


In a previous publication (Deutsch & 
Clarkson, 1959) it was reported that 
the amplitude of the vibrato in singing 
was increased and its frequency de- 
creased when a delay was interposed 
between the vocal output of an S and 
his auditory input. This result was 
taken to show that the vibrato was at 
least partly the result of the function- 
ing of a control loop serving to keep 
the voice on a particular note. It 
seemed that in correcting a deviation 
from a target note S would overshoot 
the note and so produce an error in the 
Opposite direction, A simple mecha- 
nism of this kind would therefore set 
up a continuous oscillation around the 
target note. The frequency and ampli- 
tude of such an oscillation would be 
determined by three separable factors. 
The first is the reaction time of S and 
1s à measure of how quickly he can 
initiate a corrective movement. The 
second factor is his differential thresh- 
old for pitch or a measure of how large 
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ion in the rate of change of correc- 


a deviation from the target note must 
be before it is treated by 5 as an error 
signal The third determinant of the 
frequency and amplitude of oscillation 
is the rate of change of pitch by S or 
how quickly he moves away from the 
error zone after it has been identified 
and the movement initiated. That the 
first of these factors operates has been 
shown (Deutsch & Clarkson, 1959) by 
the expedient of artificially lengthening 
the reaction time as mentioned above. 
Delayed auditory feedback produced 
the changes of decreasing the frequency 
and increasing the amplitude of the 
vibrato. 

The aim of the present experiment 
was to see what changes in the vibrato 
would occur when the second factor, 
the ability of S to discriminate pitch, 
was altered. A means of changing fre- 
quency difference thresholds has been 
reported (Deutsch, 1951). It has been 
shown that monaural stimulation at a 
given frequency for a period of 4 min. 
will lower the DL in the contralateral 
ear for notes in the region of that fre- 
quency. The effect has been demon- 
strated to persist for as long as 24 hr. 


METHOD 


Subjects—Thirteen male students, b 
part. No trained singers were used snm 
is probable that control over vibrato can be 
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developed by training and it is suspected 
that proprioceptive cues may come to pre- 
dominate. 

Apparatus.—Vibrato recordings were taken 
through a microphone connected to an audio- 
frequency meter (Dawe & Deutsch, 1955). 
Output from the meter was fed to a pen 
oscillograph. The meter itself operated with- 
out time lag and movement of the oscillo- 
graph pen was near enough linear over the 
range covered. A note of frequency 180 cps 
was used throughout the experiment. (No 
special significance attaches to this particular 
frequency which was more or less arbitrarily 
chosen as well within the vocal range of 
male Ss and the sensitivity of the apparatus 
used.) The oscillograph pen was centered 
at this frequency. An example of the kind 
of record obtained is shown in Fig. 1. 

An oscillograph with finely calibrated dial 
was used to check the pen setting before each 
experimental session and to provide the audi- 
tory stimuli for measuring frequency differ- 
ence thresholds. For threshold tests the cir- 
cuit to S’s earphones was completed through 
a foot pedal operated by E; dial adjust- 
ments on the oscillator were made by hand. 

Experimental design.—The experiment was 
conducted in five stages, separated by inter- 
vals of 3 or 4 min. as follows: 1—samples 
of vibrato recorded, 2—frequency DL for 
180 cps established, 3—S binaurally stimu- 
lated by 180-cps note for 5 min., 4—repeti- 
tion of Stage 1, 5—repetition of Stage 2. 


Procedure 


Stage 1.—An oscillator tone of 180 eps was 
sounded briefly to S and he was asked to 
sing it. When the correct note had been 
produced he was instructed to sing it through 


, Fic. 1. Sample of an S’s record, illustrat- 
ing the amplitude of his frequency fluctuation 
before and after a reduction in his DL for 
Pitch when he attempts to sing a steady note 
of 180 cps, (Each 2.5 horizontal divisions 
Tepresent 1 sec.) $ 


the microphone three times for periods of ap- 
proximately 12 sec. and his vibrato was re- 
corded in the manner described. 

Stage 2.—A difference threshold for the 
same oscillator tone of 180 cps was taken 
using the method of limits. The $s were pro- 
vided with earphones and seated facing away 
from apparatus and E. They were instructed 
that pairs of oscillator tones would be pre- 
sented them separated by a short interval, 
and that their task was to report whether 
the second tone was higher than, or the 
same as, the first tone. Intensity level used 
throughout was constant at 60 db. above 
threshold. Each tone was presented for ap- 
proximately 1 sec., and the members of each 
pair were separated by approximately 3 sec. 
Ten series, 5 ascending and 5 descending, 
were presented in quarter-cycle steps. At 
the beginning of the session two or three 
pairs of tones were sounded to acquaint Ss 
with the nature of the task. 

Stage 3.—Aíter the first DL had been 
determined, binaural stimulation was given 
through earphones with a continuous oscil- 
lator tone of 180 cps again 60 db. above 
threshold, for a period of 5 min. During 
this time Ss were permitted to read. 

Stage 4.—This was a repetition of Stage 1. 
Three samples of singing at 180 cps were 
again recorded. 

Stage 5—A further frequency difference 
threshold was taken, using the same pro- 
cedure as in Stage 2. 


RESULTS 


A measure of the extent of change 
in amplitude of vibrato waveform after 
stimulation has been obtained by select- 
ing the 20 largest point to point fluctua- 
tions from comparable sections of each 
record. The criterion of comparability 
used is occurrence in time: sections of 
the first and second singing periods in 
the two sets of vibrato records have 
been used for analysis. The sections 
are those from the first second after 
onset to the ninth second of singing. 
Choice of this particular time section 
was determined by the fact that from 
visual inspection the most stable repre- 
sentation of vibrato falls within these 
limits. 

Two Ss failed to yield a measurable 
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DL in the 10 trials given, and one S, 
due to a voice peculiarity not readily 
detectable by ear, produced a consist- 
ently "noisy" vibrato record. Results 
for the remaining 10 Ss are given in 
Tables 1 and 2. (The Mann-Whitney 
U test has been used for assessing 
the significance of vibrato amplitude 
change since normal distribution can- 
not be assumed.) 

In every case a change in frequency 
DL has resulted in a corresponding 
change in vibrato amplitude. Figure 2 
illustrates the relationship between pro- 
portional changes. For most Ss fre- 
quency DL, measured with an elec- 
trically produced sound, is greater than 
vibrato amplitude. It is to be expected 
(Deutsch & Clarkson, 1959) that DL 
for a relatively unfamiliar sound will 
be greater than DL for S’s own voice, 
but it cannot be assumed that the re- 
lationship between thresholds for the 
two sounds will be the same for all Ss, 
(Subject MT in the present experi- 
ment has worked on auditory thresh- 
olds and is well accustomed to sounds 
produced by an oscillator, His DL is 
very small compared with other Ss.) 


TABLE 1 


CHANGES IN DL FOR A TONE OF 180 cps 
AFTER 5 Min. Continuous BINAURAL 
STIMULATION AT 180 cps 


S [Stimulation [smut | |, 
(cps) (cps) crease 
SM | 2.514 1181 | 53.0 |2.562* 
MS | 3.153 1.65 | 59.9 |3.678** 
YR | 2.208 413 | 80.5 |8.557*** 
MF | 2.903 1.350 | 53.5 |2.705* 
MT .986 -613 | 37.8 |2.128* 
FM | 3250 2.350 | 27.7 |3.036** 
NM | 1.875 1425 | 24.0 |3.316** 
JA 1.347 917 | 31.9 | 1.679 
HS 2.688 2.500 7.0 | 476 
QV | 1.063 656 | 383 |2.332* 
* 
ELI 
E» < 01, 
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TABLE 2 


CHANGES IN VIBRATO AMPLITUDE AT 180 CPS 
AFTER 5 MIN. CONTINUOUS BINAURAL 
STIMULATION AT 180 cps 


Vibrato Vibrato 
Amplitude | Amplitude % 
s before after De- U 
Stimulation | Stimulation | crease 
(cps) (cps) 
SM 1.913 1.200 37.3 | 54,59 
MS 1.538 1.063 30.9 | 31.5*** 
YR 1.188 .688 42.1 | 12:0*** 
MF 2.150 1.563 27.3 | 59.5** 
MT 2.638 1.975 25.1 | 15,0058 
FM 2.113 1.625 23.1 | 57.0*** 
NM 1.450 1.250 13.8 |138.0* 
JA 1.362 1.100 19.2 |106.0** 
HS 1.525 1.463 4.1 |179.5 
QV 1.275 1.075 15.7 | 125.0* 
* p <.05. 
» p <.01. 
> « .001 


Differences between Ss in this re- 
spect may account for the lack of sig- 
nificant correlation between absolute 
changes in DL and vibrato amplitude. 
The percentage measure used is free 
from this source of variation and yields 
a highly significant relationship. 

A further analysis of the record was 
undertaken to find out if there had 
been a change in the frequency of the 
vibrato after S’s threshold had been 
reduced. We might expect that as the 
threshold for the detection of threshold 
change was lower, it would be reached 
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Fic. 2. Plot of the correlation bo 
percentage of reduction in vibrato amplitu 
and DL for pitch, 
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sooner and that the time taken by each 
cycle of correction would be shorter. 
Accordingly a power spectrum analysis 
of the records was undertaken on a 
computer. A start was made on four 
records where such a change of fre- 
quency would have been probable be- 
cause of the large change in the ampli- 
tude of the vibrato. As no change in 
frequency was detected, further records 
were not analyzed. For the records 
that were subjected to computer analy- 
sis, the pen tracings were encoded on 
punched cards by means of an Oscar J 
machine. A measurement was taken of 
the distance of the trace from an arbi- 


CYCLES PER SECOND 


Fic. 3. Graph of the results of a power 
Spectrum analysis of the output of a typical 
S. (The crosses indicate the power at vari- 
ous frequencies before a reduction in DL for 
Pitch; the dots indicate the results of the 
same analysis after such a reduction.) 


trary base line at 1-mm. intervals. 
This meant that a sample was taken 
each 1/25 of a second. All the records 
for each condition were used for the 
analysis. The cards thus derived were 
then fed into a computer programed to 
Perform a power spectrum analysis. 

: The results on one S are presented 
in Fig. 3. These are typical of the 
our results. A frequency shift was 
either negligible or nonexistent. How- 
‘ver the results given by the computer 
Confirm the presence of a considerable 
decrease in amplitude of the vibrato 
Which had been shown by the consid- 
stably simpler methods reported above. 
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Discussion 


The results reported above constitute a 
puzzle and point towards an interesting 
possibility. It seems that reduction in 
threshold for pitch leads to a decreased 
amplitude of corrective movement, as pre- 
dicted by the hypothesis that the vibrato 
is the manifestation of a control loop. 
However, the lack of increase in fre- 
quency of the vibrato when its amplitude 
decreases seems at first sight inconsistent 
with the hypothesis that a control loop is 
involved, a hypothesis strongly supported 
by previous evidence (Deutsch & Clark- 
son, 1959). 

An explanation which is consistent with 
the results of our previous experiment is 
that the rate of change of the corrective 
mechanism alters as we manipulate the 
sensitivity of the system to such change. 
It is easily seen that a corrective system 
with a uniform corrective rate of change 
has two contradictory requirements im- 
posed upon it. The first is to return from 
the region of error to the target as quickly 
as possible. The second is to move as 
little into the region of error as possible. 
Translated into our situation, the singer 
must try to change from the wrong note 
he hears himself sing to the right note 
as quickly as possible. On the other hand 
he must attempt not to overshoot too far 
to the other side. Before he can initiate 
a corrective reaction he will have heard 
himself stray more than is acceptable 
from the target note. He therefore has 
to adopt some rate of change which does 
not leave him too long in the region of 
error on one hand and which does not 
take him too far into the region of error 
on the other. If the rate is reduced so 
that the time taken from target to first 
detection of error is kept the same be- 
tween the normal and sensitized condi- 
tions, then the time at which the error is 
corrected will be the same under the two 
conditions as reaction time is the same. 
In this way the overall frequency of cor- 
rection will stay the same in spite of an 
increase in sensitivity. The most plau- 
sible interpretation of the results, then, 
suggests that there is control of the rate 
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3 experiments were conducted concurrently with 120 6th-grade children 
in which the transfer effects attributable to mediation were examined 
in the C-B, B-A, A-C and B-C, B-A, A-C paradigms. In the Ist 
paradigm, both homogeneous and heterogeneous lists were used. In 
all 3 experiments, one of the associative connections assumed to be in- 
volved in the mediational chain was selected from word-association 
norms appropriate to the age group used. The results support the 
mediational hypothesis in both paradigms and for both homogeneous 
and heterogeneous lists. Differences in amount of interference and 
facilitation attributable to mediation relative to a control condition 
varied both with paradigm and type of list. Mediational effects ap- 
peared to be as strong in these paradigms in which backward associa- 
tions are involved in the mediational chain as in those which involve 
only forward connections, and the effects appear to be as easily demon- 
strated with 6th-grade children as adult Ss. 


Using college students, Horton and 
Kjeldergaard (1961) have demon- 
strated that facilitation effects, attribut- 
able to mediation phenomena, may be 
obtained in all eight, three-stage paired- 
associate learning paradigms. In the 
studies reported by these authors, all 
of the associative relationships were 
established within the experimental 
situation as was done in the earlier, but 
less extensive, studies of Bugelski and 
Scharlock (1952) using college Ss and 
Norcross and Spiker (1958) using 
children. 

An alternative approach to the study 
of mediation phenomena in the paired- 
associate task has made use of previ- 
ously established associative relation- 
ships between words. Such preexperi- 
mental associative connections have 


1 This research was supported by Research 
Grants GB-1598 and GB-2568 from the Na- 
tional Science Foundation and HD-00961 
from the Public Health Service. An earlier 
version of this paper was presented at the 
Psychonomic Society meetings in Niagara 
Falls, 1964, 


been assumed to be reflected in word- 
association normative data. The stud- 
ies of Bastian (1961), Cofer and 
Yarezower (1957), McGehee and 
Schulz (1961), Russell and Storms 
(1955), and Ryan (1960) all have 
demonstrated with college Ss the feasi- 
bility of this approach to the problem. 
This research approach has not been 
possible with children because of the 
lack of appropriate normative data. 
Most recently, however, Flamer (1964) 
and Nikkel and Palermo (1965) have 
made use of the Palermo-Jenkins 
(1964) word-association norms for 
children to test Paradigm I (A-B, 
B-C, A-C) and II (B-C, A-B, A-C) 
used by Horton and Kjeldergaard. In 
the latter of these two studies, strong 
evidence was obtained for both facilita- 
tion and interference effects attribut- 
able to mediation in both paradigms 
when the first associative connection 


2The paradigm numbers correspond to 
those used by Horton and Kjeldergaard 
(1961). 
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The list of words was read aloud only by S. 
One study trial was given immediately prior 
to the first anticipation trial. AII responses 
were recorded verbatim. 

Presentation of List I was continued to a 
criterion of three successive errorless trials 
or for a maximum of 30 trials. Any S fail- 
ing to reach this criterion within 30 trials 
was excluded from the study. 

Prior to the presentation of List II, Ss 
were instructed that another list would be 
presented and that they were to proceed as 
before except that they should begin im- 
mediately to anticipate the responses. Ap- 
proximately 2 min. elapsed between List I 
and List II presentations, during which time 
E changed the filmstrip. List II was pre- 
sented to a criterion of two successive error- 
less trials. 


RESULTS 


The mean number of trials to cri- 
terion on List I for the mixed-list 
groups in Paradigms IV and VIII 
were 14.90 (SD = 5.78) and 14.83 
(SD = 4.57). The mean for the three 
groups in the unmixed Paradigm IV 
was 15.13 (SD = 5.44). There were 
no significant differences among the 
subgroups within a paradigm learning 
different forms of List I in the mixed 
or unmixed designs. 

The mean numbers of trials to cri- 
terion on List II for the mixed-list 
groups were 13.40 (SD = 5.26) for 
Paradigm IV and 10.97 (SD = 3.45) 
for Paradigm VIII. The means for the 
three groups in the unmixed Paradigm 
IV conditions were 10.85 (SD = 4.58) 
for the Facilitation condition, 14.95 
(SD = 5.26) for the Control condi- 
tion, and 16,20 (SD = 5.96) for the 
Interference condition, 

Table 2 Presents, for each experi- 
mental condition in each paradigm, the 
mean numbers of errors for each of the 
first four trials and the mean errors for 
all trials to criterion on List II. An 
error was counted for each omission 
and overt incorrect response. Consid- 
ering first the total errors, it is clear 
from the table that for each paradigm, 
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using mixed or unmixed lists, the num- 
ber of errors for the Facilitation condi- 
tion is fewer than for the Control con- 
dition and the Control condition, in 
turn, yielded fewer errors than the In- 
terference condition. Since there were 
three times as many pairs of words in- 
volved in the unmixed lists of Para- 
digm IV, the obtained means were di- 
vided by 3 to make them comparable 
to the other means. 

In the case of the mixed designs a 
Treatment X Ss analysis of variance 
yielded an F(2,58) = 3.94, p< 025 
for Paradigm IV and an F(258) 


TABLE 2 


ERROR MEANS For TRIALS 1-4 AND TOTAL 
ERROR MEANS ron EACH CONDITION 
1N EACH PARADIGM 


Trial Facilitation Control Interference 
Paradigm IV (Mixed List) 
1 2.93 2.83 2.93 
2 2.40 2.50 2.11 
3 2.00 1.93 2.33 
4 1.43 1.73 1.90 
Total 8.77 9.00 9.94 
All trials | 16.57 17.23 20.80 
Paradigm IV (Unmixed List)* 
1 2.72 2.93 2,88 
2 2.03 2.60 2.60 
3 1.72 2.23 2.30 
4 1.37 1.72 2.05 
Total 7.83 9.48 9.83 
All trials | 13.38 2147 23.43 
Paradigm VIII (Mixed List) 

1 2.83 2.93 2.93 
2 2.10 2.57 2.50 
3 1.77 2.10 2.07 
4 1.20 1.53 1.63 
Total 7.90 9.13 9.13 
All trials | 11.87 14.20 15.40 


“These means have been divided by 3 to make 
them comparable to the mixed-list means.. 


498, p< .01 for Paradigm VIII. 
_A simple analysis of variance applied 
to the data of Paradigm IV using un- 
mixed lists yielded an F(2,57) — 5.33, 
Re 01. Evaluation of the differences 
een individual pairs of means was 
made using a / test in the case of the 
unmixed design and a f test for related 
measures in the case of the mixed de- 
‘signs. In all cases the differences be- 
tween the Facilitation and Interference 
conditions were significant at the .01 
level. Differences between the Facili- 
tation and Control conditions were sig- 
nificant at the .025 level in the case of 
Paradigm VIII and the unmixed list 
Paradigm IV groups. Differences be- 
tween the Interference and Control 
conditions were significant at the .025 
level in the case of Paradigm IV with 
mixed lists. None of the other com- 
parisons reached an acceptable level of 
Statistical significance. 

Similar analyses of variance were 
performed on the data for the first 
four trials with the addition of Trials 
as an intra-S factor. In the case of 
the two mixed-list Paradigms IV and 
VIII, the treatment effects were sig- 
nificant between the .10 and .05 level, 
‘F(2'58) = 2.86; F(2,58) = 2.97. For 
the unmixed Paradigm IV the analysis 
yielded an F (2,57) = 73.34, p < .001. 
Tn all three analyses the Trials effect 
Was highly significant and no evidence 
for a Trials x Treatments interaction 
was evidenced. 

Since the treatment effects were not 
as strong on the early trials as for the 
total trials, one further analysis of the 
data was performed to be sure that the 
total error data were not a result of 
Some deviant Ss or deviant pairs in 
the lists, For each S the ratio of er- 
Tors to opportunities for errors was 
‘computed for each treatment condition, 
ie, the error score made by an S in 
a Petdcolar condition was divided by 
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the total number of presentations of all 
pairs in that condition. The means of 
these ratio, or error rate scores for the 
Facilitation, Control, and Interference 
conditions were .39, .41, and .50 for the 
mixed-list Paradigm IV; .38, .45, and 
.48 for the unmixed-list Paradigm IV ; 
and .34, .43, and .47 for Paradigm 
VIII. The relative differences among 
these means ate the same as for the 
total errors means indicating that no 
apparent biases due to particular Ss 
or pairs affected the earlier analyses. 
In order to evaluate further the 
mediation hypothesis, an analysis was 
made of the errors in the Interference 
conditions of the various paradigms. 
Since the lists included nine pairs, and 
one response was correct for each pair, 
there were eight possible overt intra- 
list errors which could have been made 
to any particular stimulus. In the case 
of the interference pairs, one of these 
eight possible errors would be pre- 
dicted to occur on the basis of medi- 
ation due to the first-list training. For 
example in Table 1, the acquisition of 
WATER-VAR in List I should increase 
the tendency of var to elicit OCEAN as 
an incorrect response to List IT, i.e. 
VAR-(WATER)-OCEAN. This type of 
error was scored as a mediated error. 
Assuming a random distribution of all 
errors, the chance occurrence of a medi- 
ated error is one in eight. For each S 
a tabulation was made of the total 
number of overt errors, the occurrence 
of mediated errors, and, finally, the 
chance occurrence of the number of 
mediated errors was computed. A t 
test was then used to evaluate the dif- 
ference between the mean number of 
mediated errors which occurred and 
the number which would have been ex- 
pected on the basis of chance. Only in 
the case of the mixed-list Paradigm 
IV was there a significant difference 
obtained, ¢ (29) = 2.16, p < 05. It 


716 


will be noted that the tests of the over- 
all differences between the Interference 
and Control conditions reported earlier 
also yielded significant differences only 
for this particular paradigm. 


DISCUSSION 


The data of this study provide further 
evidence for both facilitation and inter- 
ference transfer effects in children’s ver- 
bal paired-associate learning. While all 
of the differences obtained did not reach 
an acceptable level of statistical signifi- 
cance, the means for the three conditions 
in Paradigm IV, using both mixed and 
unmixed lists, and Paradigm VIII, using 
mixed lists, were in the order predicted 
by the mediation hypothesis. These re- 
sults are consistent with those obtained 
with children by Norcross and Spiker 
(1958) and Palermo (1962) using ex- 
perimentally established associative con- 
nections, the studies of Flamer (1964) 
and Nikkel and Palermo ( 1965) using a 
combination of natural language associ- 
ates and experimentally established asso- 
ciations as in the present study, and the 
study of Wismer and Lipsitt (1964) using 
only natural language associates. In ad- 
dition, these data extend the findings of 
the earlier studies by demonstrating that 
mediation may be obtained in two addi- 
tional paradigms not previously used with 
children, Thus, we now have evidence 
that four of the eight three-stage medi- 
ation paradigms tested with college Ss by 
Horton and Kjeldergaard (1961) also 
may be demonstrated to produce medi- 
ational effects with children when natural 
language associates form a part of the 
mediational chain, Tt should be noted 
that the relative differences obtained 
among the three conditions are approxi- 
mately the same in the present study, 
where one or two backward associations 
are necessary for mediation to occur, as 
in the previous studies in our laboratory 
in which forward associations alone could 
account for the results obtained. 

Direct comparisons of the mixed- and 
unmixed-list designs for Paradigm IV is 
difficult because of the differential sensi- 
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tivity of the statistical analyses which 
may be applied. It does seem clear, how- 
ever, that the demonstration of mediation 
effects is not dependent upon the use of 
homogeneous or heterogeneous lists, In 
addition, the analysis of the first four 
trials suggests that the mediational effects 
are more apparent in the early trials 
using an unmixed-list design than is the 
case for the mixed lists. Despite the 
less sensitive tests for the unmixed lists, 
the treatment effects for the first four 
trials are highly significant for this de- 
sign but only of marginal significance 
for either of the mixed-list designs. 

Examination of the error means both 
for the first four trials and total errors 
suggests differences in relative rates at 
which the three kinds of pairs are learned 
in the two Paradigm IV designs. RU 
would appear that the facilitation pairs 
are easier to learn if there are no other 
kinds of pairs in the list while the control 
and interference pairs are relatively more 
difficult in the unmixed list. It might 
be argued that in the mixed list the pres- 
ence of the control and interference pairs 
impairs the learning of the facilitation 
pairs but once they are learned, the ef- 
fective list length is reduced by one third 
and learning of the control and interfer- 
ence pairs can be accomplished more rap- 
idly. In the unmixed list there are Ao 
"easy" items which reduce the effective 
length of the list. 7 

Comparison of the means for Paradigms 
IV and VIII reveals that all pairs are 
easier to learn in Paradigm VIII and 
that the relative performance on the three 
kinds of pairs differs for the two para- 
digms. List II of Paradigm VIII may 
be easier to learn because the response 
words are shorter and of slightly higher 
frequency. It is difficult to account for 
the relative difference between facilitation 
and control and interference and control 
Pairs in the two paradigms but the fact 
that the difference between the facilitation 
and control pairs is larger in Parade 
VIII than in Paradigm IV is in line ue 
the findings of Horton and Kjeldergaar 
(1961). 
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INFORMATION ENCODING AND DECISION TIME AS 
VARIABLES IN HUMAN CHOICE BEHAVIOR 
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Paired-comparison wagers were offered to Ss under 2 different meth- 
ods of encoding decision-parameter information. Method 1 provided S 


with a set of 4 elements of nonindependent parameter information, 
Method 2 with a subset comprised of 2 independent elements. Ss’ 


choices showed significantly closer correspondence to an EV-maximi- 
zation decision rule under Method 2, for both independent groups and 
repeated-measures designs, With repeated measures, it was found that 
given sufficient decision time, Method 2 transferred positively to Method 
1, with the opposite true (negative transfer) when order of adminis- 
tration was reversed. It was concluded that the basic problem for S 
in choice situations is the selection of decision rules rather than of de- 
cision alternatives. Decision rules may then be asymmetrically trans- 
ferrable across different encoding methods. 


The primary emphasis of choice 
studies on development of normative 
or quasi-normative models of choice be- 

d or on testing of predictions de- 
rived from learning theory (Estes, 
1961), has tended to preclude consid- 
eration of effects of information encod- 
ing (IE) on the observed choice distri- 
bution, By IE, reference is made to 
the description and display to S of the 
decision parameters (probabilities and 
values), or their transformation, for 
each uu in the decision problem. 

There is some evidence that IE can 
influence choice beha For exam- 
ple, Edwards (1954) found that chang- 


based on the maximization of expected 
value (EV) decision rule varied sig- 
nificantly as a function of type of 
probability display provided S. 

It is the thesis of this paper that IE 
can affect the probability that 5 will ar- 
rive at and use a strict or apparent EV 
rule * in making initial choices between 
paired wagers, in that IE can differ- 
entially limit and influence the quantita- 
tive operations or manipulations which 
S is likely to perform on the provided 
decision-parameter information. In this 
view, the quantitative operations derive 
from a decision rule which S selects 
as a tentative solution to the decision 
problem. The operations provide an 
index of the relative value of each alter 
native, and the ordering of values then 
determines the decision. This analysis 
appears compatible with previously 

? There may be a number of arbitrary deci- 
sion rules, for a given set of decision alter 
natives, which yield the same rank orde! 


of relative value of alternatives as does Me 
ordering based on computation of EV. Th 


wish o dank George N. Oe writers — types of rules will be referred to as apparent 
helpful suggestion made during for many EV rules, and are distinguished fron 
of the stud; 3 the course — strict EV rule, the latter of course yielding 
X EV decisions for any set of alternatives. 
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ted normative or quasi-normative 
models of choice behavior (e.g., Ed- 
wards, 1955). Also, it is compatible 
with views of several investigators sug- 
gesting that formation of hypotheses 
about the underlying stimulus sequence 
in tasks requiring repeated predictions 
of stimulus events is an intrinsic part 
of the decision process, eg, Ed- 
wards (1956), Feldman (1959), Le- 
vine (1963). In this study, we are 
extending this latter conception to for- 
mation of hypotheses about effective 
decision rules, in situations in which 
S is asked to choose among offered 
wagers involving possible gains and 
losses. 

Specifically, 5s are asked to choose 
among all paired comparisons of 10 
alternative wagers (the set of 10 deci- 
sion alternatives studied previously in 
Herman et al.). All decision-parameter 
information is provided S, but two dif- 
ferent IE methods are investigated. 
One method provides S with a display 
of four elements of parameter infor- 
mation, only two of which are inde- 
pendent, per game. The second 
method provides S with a display of 
only a subset of two independent ele- 
ments of the initial total of four ele- 
ments. A strict EV rule is available 
within either type of encoding, but the 
four-element display clearly allows for 
an additional large number of arbi- 
trary hypotheses concerning effective 
decision rules, most of which will not 
be apparent EV rules. On this basis, 
the four-element display should reduce 
the probability that § will select a strict 
or apparent EV rule, i.e., it should re- 
duce the degree of fit between his ob- 
Served choice distribution and the pre- 
diction of the strict EV rule. The 
maximum time allowed S to reach a 
decision, i.e., to select a decision rule, 
is a second variable investigated con- 
jointly with the IE variable. 
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IE variable.—Following the decision prob- 
lem studied in Herman et al., gross reward 
amount (4) is held constant across all j 
alternatives, j = 1, 2...10, but cost of a deci- 
sion or loss (X,) is a variable, as is reward 
probability (pj). The net reward for a fa- 
vorable outcome for Alternative j is then 
A — X, and 


EV, p(4-X)--»)X), Ul 
which is equivalent to 
EV, = pi(A) - X). 12] 


Equations | and 2 provide IE models. 
From Equation 1, an TE method presents 
explicitly to S as variables reward and loss 
probability and net gain and loss informa- 
tion; from Equation 2, a second method 
shows explicitly as variables only reward 
probability and net loss information. For 
both IE types, S is presented all paired com- 
parisons of the 10 decision alternatives. of 
Table 1. Figures la and Ib show examples, 
as displayed to S, of IEs derived from 
Equations | and 2, respectively, for the 
paired-comparison choice between Alterna- 
tives 9 and 2 of Table 1. 

Note in Fig. 1b that the two numbers 
within each paired rectangle (wager) form 
a subset of the four numbers displayed within 


trasted by the 
presented explicitly to $ (four or two), and 


TABLE 1 


PARAMETER VALUES POR THE 10 DECISION 
ALTERNATIVES Or THR STUDY 


B. Encoding Model: Equation 2 
Rebabaty Cost of Potebity Cost of 
Win 10" Draw Win We Due 


Fig. 1. 
comparison wager displayed in each of the 


Examples of the same paired- 


two parameter-encoding methods. (All wins, 
losses, and costs-of-draws are expressed in 
“points.”) 


therefore differ also in the number of deci- 
sion rules implicitly available. 

Time variable—It has been suggested by 
Dale (1962) that Ss simply do not know 
how to make “proper use” of provided pa- 
rameter information in reaching initial deci- 
sions among alternative wagers. By “proper 
use,” Dale refers to the strict EV rule. 
Thus, decision performance might be ex- 
pected to approach the distribution predicted 
by the strict EV rule primarily as a func- 
tion of experience with outcome, as Dale has 
found, but not necessarily as a function of 
extended decision time per alternative, since 
S gains no new information about efficacy 
of decision rules from merely exercising a 
decision. In the present study, two maxi- 
mum time limits for decision—15 and 60 
Sec.—are used to explore the latter contention. 


Experiment I 
Method. 
roups i- 
fied as WL-15, WL-60, Wais. A W-60, 
win and loss 
both provided 


Each S was tested in a single, approxi- 


" involving Sequentially, 
(a) 45 paired comparisons, randomly ae 
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labeled either "win" or “lose,” "There wert 
10 appropriately compositioned urns from 
which S selected according to the number 
of times each of the 10 alternatives was pre. 
ferred by him out of its nine pairings, Thus 
S received no knowledge of decision ou. 
comes until all choices among paired alter. 
natives had been made. 

The S received preliminary instruction in 
interpretation of probabilities as relative fre 
quencies, and made practice selections from 
urns. He was instructed that he might show 
either a net gain or loss at the end of the 
experiment, depending primarily on his skill 
in making decisions. The Ss in the Wh 
groups received explanation of the alterna- 
tive wagers in terms of winning the number 
of points indicated if a win slip were drawn, 
and losing the indicated number for drawing 
a lose slip, with a point worth one-half cent 
For the W groups, it was explained that for 
each choice they would be charged the ap- 
propriate number of points prior to drawing 
a slip. A win slip would then return 10) 
points to S' and a lose slip nothing. 

Interpolated decision task.—This task wat 
identical to the repeated decision problem 
specified in Herman et al. (1964), requiring 
that S select 1 of 10 time stages of an at 
tack mission to “fire” at a target. A b) 
tional target location display was used, Wi 
true values of the probability parameters 
(probability of hitting the target at ea 
stage) provided S a priori. The task was 
identical for all groups, and required that 
exercise a single choice from among the 
alternatives of Table 1 during each o 
successive decision trials or "missions. 5 
task served as an evaluation of the b 
which the four independent groups di E 
in their choice behavior tendencies va 
faced with an identically displayed decta 
problem involving the same altema a 
in the paired-comparison study. Unlike E 
paired-comparison study, however; aii 
ceived immediate knowledge of decana jal 
comes (and experienced either os " 
gain or loss) in terms of a ligi E 
flashed if he had hit the target with if 
weapon. The Ss were not told that hi 
of 10 alternatives were identical to t ven 
the paired-comparison study and su! E 
questioning revealed that no S was awi 
the identity. 

Subjects—The Ss were 32 m Univer- 
graduate students at Ohio Wesleyan am 
Sity, randomly assigned into four eir 3 
eight each. The Ss were paid for the 
of testing. 
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— Results 


— Paired comparisons: Degree of EV 
maximisation.—An analysis was made 
of the number of "correct," i.e., appar- 
ent EV choices made by each of the 
four groups (Table 2). The maxi- 
mum score obtainable for S was 43, 
since two paired alternatives had equal 
EVs. 

A three-way analysis of variance 
indicated the main effect of IE method 
(W vs. WL) was significant at p < .05. 
The main effect of successive adminis- 
‘trations was nonsignificant, F (1,84) = 
204; F ratios for the main effect of 
time and for all interaction terms were 
Tess than 1.0. It appears, therefore, that 
- the W display, employing the param- 

eter-subset encoding, resulted in better 

decisions, based on use of the EV cri- 
lerion, regardless of decision time al- 
lowed. (The greater variability appar- 
ent for the 15-sec. groups in Table 2 is 
due primarily to the presence of one or 
two relatively low scores in these 
groups.) Lack of a significant effect 
Across successive administrations sug- 
ests employment of a consistent de- 
cision rule by S. Examination of indi- 
Vidual data revealed only slight differ- 
ences in choice distributions within Ss 
‘Across successive administrations. Based 
on these findings, remaining analyses 
for Exp. I pool the data for successive 
Administrations, within each group. 


! TABLE 2 
MrAN No. or Correct Cnorces, Usiwe EV 
CRITERION, ror EACH GROUP 
IN Exe. I 
— zu 
Administration 2 


E. Administration 1 


| Group 
M SD M SD 
- WL-1s} 31.38 | 598 | 33.38 | 5.27 
Was | 3525 | 5.58 | 35.75 | 7.07 
ul 30.88 | 4.62 | 31.38 | 441 
"60 | 3600 | 2.83 | 37.38 | 3.77 
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MEAN NUMBER CORRECT CHOICES 


EN UR" Y 95 | 
DECISION ALTERNATIVES 


Fic. 2, Mean number of correct decisions 
(EV criterion) made by each group of eight 
Ss for each decision alternative. (The ideal 
curve indicates performance based on con- 
sistent use of the EV criterion; dips in the 
curve reflect equal EVs for Paired Alter- 
natives 4 and 8, and 5 and 7, for which 
choices were not tallied.) 


Paired comparison: Correspondence 
of ideal and observed choice distribu- 
tions —Figure 2 compares observed 
and ideal (strict EV rule) choice be- 
havior for the four groups. In this fig- 
ure, for paired alternatives (i, j) with 
EV, > EVy, ideal choice behavior rela- 
tive to i is to choose i and relative to j, 
not to choose j. If EV, = EV, as was 
the case for two paired alternatives, no 
score was computed. Tt can be seen in 
Fig. 2 that the W-60 group lies closer 
to the ideal curve than does either WL 
group, for 9 of 10 alternatives, and that 
the W-15 group lies closer for 7 al- 
ternatives, For comparable time inter- 
vals, a closer correspondence to the 
ideal occurs uniformly for the W group 
at each alternative, with but one excep- 
tion for one group. Subsequent exami- 
nation of choices between alternatives 
of equal EV (4 vs. 8; 5 vs. 7) indi- 
cated that in all groups except W-15 
a bare majority preferred the higher 
numbered alternatives. For W-15, a 
majority preferred Alternative 5 to 7. 

Interpolated decision task.—For this 
task, the mean EV performance of each 
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group was calculated by summing the 
product of relative frequency of choice 
of each alternative and EV for that al- 
ternative, in blocks of 10 trials ( Table 
3). An analysis of variance of effects 
of successive trial blocks and of cate- 
gorization of the groups into their 
previous encoding and time classes in- 
dicated that F ratios for all main ef- 
fects (encoding, time, and trials) and 
interactions were less than or very 
close to 1.0. In Table 3, the extreme 
closeness of the means for the first trial 
block, when accumulated feedback in- 
formation was still small, may be in- 
terpreted as reflecting equal probabili- 
ties a priori of selecting apparent EV 
rules for the four groups, in this situa- 
tion, 

Thus when confronted with identi- 
cally displayed decision tasks the four 
groups showed no significant difference 
in the average quality of their choices, 
from among the same alternatives 
which they had previously compared, 
supporting the position that significant 
effects noted previously in the paired- 
comparison situation were due to the 
IE variable. 

The lack of a demonstrable learning 
effect with feedback for the interpolated 
repeated decision task is not consistent 
with findings such as those of Dale 
(1962), but is consistent with results 
reported in Herman et al. (1964) for 


Mean EV PERFORMANCE. PER TRIAL PER S 
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this type of repeated decision task, 
With an opportunity to exercise only 
40 decisions over 10 alternatives, it is 
not possible to sample all alternatives 
adequately to gain experience with out- 
come. Given advance knowledge that 
there would be a limit of 40 decisions, 
Ss appeared to restrict their choices to 
some initially preferred subset of the 
10. 


EXPERIMENT ÍI 


In this replication experiment, a re- 
peated-measures design was used in 
which the same Ss served under both 
IE conditions but under different time 
conditions. 


Method 


"There were two independent groups of 16 
Ss each, Each S in a group received the 
same paired-comparison task as in Exp, Í, 
except that he was administered both IE 
types, with separate instructions for cach 
type. Half the Ss in a group were adminis- 
tered the W display first, half the WL first. 
Independent groups were permitted one 
the two time limits (15 or 60 sec.) for a 
choice, as previously. There was no inter- 
polated decision task, however; S proceed- 
ing directly from one IE condition to the 
other. The total of 32 male Ss was selected 
from the same undergraduate population as 
previously. 


Results 


The four IE-time groups are desig- 
nated as before, but with a prime su- 
perscript added. The mean number of 
correct choices per S for each group i$ 
given in Table 4, under the heading 
“repeated-measures analysis.” 

An analysis of variance indicated à 
highly significant effect of IE met t 
(p € 01), a nonsignificant effect 0 
time (F < 1.0), but a significant time 
encoding interaction (p < .01). Sim- 
ple-effects tests of this interaction 1- 
dicated that at 15 sec. the W group was 
performing significantly better than the 
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TABLE 4 


Mean No. or Correct CHOICES FOR EACH 
Group 1N Exp. II, ron Two Types 
or ANALYSES 


Repeated-Measures | Independent-Grou 
Analysis Analysis is 


4.99 | 29.38 
6.58 | 32,12 
5.76 | 28.50 
744 | 35.22 


WL group (p < .001) but was not at 


: 60 sec. 

To study the difference in magnitude 
of effect of the IE variable at 15 and 
at 60 sec., effects of order of presenta- 
tion of IE condition were analyzed. 
When scores were thus classified by 
order of administration, an analysis of 
variance indicated a significant time- 
order interaction (p < .05). Tests of 
simple effects for this interaction indi- 
cated a significant effect of order of 
administration of IE condition at 60 
sec. (p < .05), but not at 15 sec. Spe- 
cifically, at 60 sec. when WL was ad- 
ministered first, one observes relatively 
poor decision performance for both the 
WL and W displays; but when W is 
administered first, both WL and W 
display performance are considerably 
improved, This suggests that given 
Sufficient decision time, practice with 
a reduced parameter subset encoding 
method may transfer positively to per- 
formance with the complete parameter 
Set encoding method; conversely, ini- 
tial practice with the complete set may 
Tesult in negative transfer effects to 
Subset encoding methods. 

In view of the effects of order of ad- 
Ministration revealed in this repeated- 
Measures design, an analysis of vari- 
ance was performed on the number of 

correct” decisions made by these 32 
Ss of Exp. II, considering only the IE 
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condition administered to them first. 
Since order of administration and time 
limits were each completely counter- 
balanced in Exp. II an analysis based 
only on the first administration condi- 
tion in Exp. II is directly comparable 
to the independent-groups design em- 
ployed in Exp. I. The mean number 
of “correct” decisions per group for 
this latter design, for Ss in Exp. II, 
are given in the right-half side of 
Table 4. The analysis of variance 
again yielded an effect of IE method 
significant at p < .05, but as in Exp. I, 
neither the effects of time nor the in- 
teraction term was significant (F < 
1.04). Thus, this replication of Exp. I 
confirmed the previous findings of that 
study, and greatly increases the degree 
of confidence in the conclusion regard- 
ing IE effects. 


Discussion 


The results of the two experiments 
clearly indicate that differences in IE, of 
the types studied in this investigation, can 
have both pervasive and subtle influences 
on observed choice distributions. Con- 
sistently, the W method of encoding re- 
sulted in empirical choice distributions 
more closely approximating the theoreti- 
cal distribution predicted by the strict EV 
rule than did the WL method, for identi- 
cal sets of paired wagers. Also, when 
decision situations were identical for the 
different groups, as in the interpolated 
task, initial average choice tendencies of 
the groups were nearly identical, 

Decision time, within the limits studied 
in this investigation, did not appear to 
affect the probability that S would select 
a strict or apparent EV rule, for initially 
administered encoding methods. Experi- 
ment II indicated, however, that given 
sufficient time for decision, initial use of 
the simpler W encoding apparently per- 
mits successful application of a developed 
decision rule set to subsequent choices 
made within the WL encoding method. 
Clearly, any decision rule developed for 
the W method is always applicable to the 
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WL method, but the reverse is not true. 
The lack of a positive transfer effect at 
15 sec. may indicate that for more rapid 
decisions 5' may not be able to attempt to 
apply old rules in a new context. 

The results of this study appear to pro- 
vide support for the view that S selects 
a decision rule based on consideration of 
the provided parameter information, and 
that the probability that he will select a 
Strict or apparent EV rule is in part a 
function of the prior probability (relative 
frequency) of these rules within the type 
of IE method used. In this analysis, a 
decision task is viewed not as an unguided 
selection between alternative actions, but 
as the definition and selection of a de- 
cision rule which yields the preferred al- 
ternative. The more items of parameter 
information $ is provided with, as in the 
WL encoding method, the greater the re- 
sponse uncertainty, where the response is 
considered to be not the selection of the 
preferred alternative but the selection of 
the preferred decision rule. 

In addition to response uncertainty as 
an index of probable selection of a strict 
or apparent EV rule, it is also possible 
that certain encoding procedures, while 
leaving response uncertainty unchanged, 
might affect the response hierarchy. A 
particular IE method may affect the prob- 
ability of observation of an EV decision, 
for example, by organizing the parameter 
information so that initial response biases 
yield EV rules. Herman (1964) has sug- 
gested a dimensionless display of parame- 
ter information in which simple additive 
Operations on the parameters will always 
yield EV rules. His results showed a 
close correspondence of observed choices 
to predictions of the strict EV rule. 


*' To evaluate response uncertainty (e.g, 
Garner, 1962) for the Present decision e 
would require enumeration of the complete 
set of decision rules, based Say, on all pos- 
sible algebraic Operations on the provided 
parameter elements, taken » at a time. Since 
the maximum n is 4 for the WL method 
but only 2 for the W method, it is clear that 
with this measurement technique response 
uncertainty would be considerably greater 
for the WL encoding method. 
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A variety of IE methods have been em- 
ployed implicitly by past investigators, 
without evaluation of their effects, From 
the results of this study, it would appear 
that generalizations about the degree to 
which S$ approaches EV-maximization 
performance in initial decisions among 
paired wagers cannot be made without 
reference to the effects of the IE method 
used in a given study. It would seem 
that the adequacy of any proposed norma- 
tive or quasi-normative model in explain- 
ing or predicting choice behavior in a 
given study cannot be properly evaluated 
without consideration of the degree to 
which the IE variable may have nudged 
behavior in the direction predicted by the 
model. 
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AND 


Adaptation and aftereffect to prism-induced spatial transformation of 
vision has been investigated in 2 experiments and a control series. In 
Experiment I kinesthetic-muscular responses without vision preceded 
and followed similar responses with prismatically transformed vision 
during an exposure phase, and in Experiment II a passive and active 
swinging movement of the arm was introduced during exposure. In 
the 4 control experiments responses were made without transformed 
vision during exposure. Significant aftereffects occurred in Experi- 
ments I and II but in neither did they vary in magnitude as a func- 
tion of either passive or active responses during exposure, relation of 
test to exposure responses, or to type of response made during the 
test phase. No significant effects occurred in the control experiments. 
The significantly smaller mean aftereffect for Experiment II suggested 
that aftereffects from spatially transformed vision are largely a func- 
tion of the spatial relationships between test and exposure responses. 


. If the spatial characteristics of visual 
Input are transformed by means of an 
optical system a change in the relation- 
ship between the visual and propriocep- 
tive systems occurs. If, for example, 
the hand viewed through a wedge prism 
appears displaced left, and S is re- 
quired to place his hand directly be- 
neath its center, he will compensate 
and place it to the right of center. In 
brief, the proprioceptive information 
from the positioned limb adapts to the 
transformed visual information. More- 
over, this adaptation, which develops 
rapidly (Hamilton, 1964), outlasts the 
Period of transformation so that an 
aftereffect occurs following restoration 
of normal vision, 

These effects which were first ob- 
Served by Czermak (1855) and Helm- 
holtz (1867) have recently been exten- 


* The assistance of Robin Burns and Keith 
cen in the collection of data and in statisti- 
cal analysis is gratefully acknowledged. 


sively investigated by Held and his as- 
sociates (see Held & Freedman, 1963). 
Held has argued that natural active 
movement of either the whole body or 
of a limb is crucial for the occurrence 
of adaptation. When activity during 
the period of transformation is either 
restricted or induced by an external 
force (i.e., passive movement) no com- 
parable adaptation takes place. In a 
series of experiments (Held & Gott- 
lieb, 1958; Held & Hein, 1958; Held & 
Schlank, 1959) movement of the arm 
by an external force during spatially 
transformed vision failed to produce 
shifts in localizing responses whereas 
self-induced movement results in sig- 
nificant shifts. 

Consideration of the effects of ex- 
posure to optically transformed vision 
suggests that certain relevant variables 
may have been overlooked. Among 
these are the nature of the responses 
made before and after the exposure 
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period (test phase), those made dur- 
ing the exposure phase, and the rela- 
tionship between these two sets of re- 
sponses, Since the test-phase responses 
serve as an index of the adaptation af- 
fects occurring during exposure, it can 
be argued that they may vary in their 
adequacy to index the effect. The aim 
of the first experiment was to investi- 
gate the effects on adaptation and after- 
effect of kinesthetic (passive) and kin- 
esthetic-motor (active) responses indi- 
vidually and in combination during 
both the test and exposure phases. Be- 
cause significant aftereffects of similar 
magnitude occurred under all condi- 
tions in the first experiment, the pur- 
pose of the second was to examine the 
effects of spatial dissimilarity between 
test- and exposure-phase responses. 
Since there is some confusion over 
the meaning of the term “positive” 
adaptation (Day & Singer, 1964) a 
clarification of terms is necessary, 
Consider a situation in which S is re- 
quired to place his nonvisible hand be- 
neath a point marked on a horizontal 
opaque screen, The screen is now re- 
moved and S observes his hand through 
a prism whose refractive properties are 
such that the hand is judged 2 in. to 
the left of its true position, When in- 
structed to place his hand directly be- 
neath the center of the prism (which 
is coincident with the point on the 
screen), he will place it to the right of 
center. That is, he will compensate for 
the left deviation. Now when S has 
made a number of such responses the 
Screen is replaced. When instructed to 
position his hand, again nonvisible, di- 
rectly beneath the point he will con- 


tinue to deviate to the right. The. 


visual-proprioceptive relationship de- 
veloped during the exposure period 
persists. This direction of difference 
between the pre- and posttest will be 
called a positive aftereffect. The pe- 
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riod of visual-spatial transformatic 
will be referred to throughout as f] 
exposure period. 


EXPERIMENT I 


Without vision, judgments of th 
movement or position of a limb are 
mediated by the kinesthetic system 
whose receptors are located in the m 
gion of the joints. Such spatial jud 
ments do not involve the sensory s 
tem of muscle (Day & Singer, 19 
Goldscheider, 1898; Rose & Mo ni 
castle, 1959). The muscle stretch 
ceptors, however, are involved in judg 
ments of the force with which a limh 
is applied or moved. In a typical reach 
ing response, therefore the afferent sys 
tems of both joints and muscles serve 
to control the extent, direction, am 
force of movement. Since the mus 
ture is involved, this type of responsi 
is usually referred to as "acti 
whereas the positioning of a limb b 
an external force, in which judgment 
are mediated by kinesthetic receptor 
alone, is described as “passive.” In th 
following experiment an active kin 
esthetic-muscular response (KM) atm 
a passive kinesthetic response 
were used to investigate adaptation f 
prismatically transformed vision und@ 
four conditions. Since a trial consistet 
of a pretest, an exposure period, í 
a posttest, the four possible condition 
were KM-KM-KM, K-K-K, KMK 
KM, and K-KM-K. 


Method 


Apparatus—The apparatus shown 
matically in Fig. 1 consisted of a 
structure mounted above a movable platfors 
18 in. wide constructed on the principle € 
an endless belt with rollers at each end. 1% 
box, which was open on both sides, was ¥ 
in. long, 21 in. wide, and 10 in. high. In €i 
center of the top was mounted a color CO! 
rected wedge prism whose upper surface 
(3% X 22 in.) was flush with the top of 
box. A headrest (not shown in Fig ^ 
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Fic. 1. Schematic representation of apparatus and type of response for the three experi- 
ments. (Left: K response showing true—full line—and apparent—dotted line—position of 
hand during exposure. Center: method of exposure responding for Exp. Il. Right: KM re- 
sponses showing true—full line—and apparent—dotted line—position of crosses. The L and 


R index marks are also shown.) 


maintained S’s eyes in a constant position 
such that the apparent position of a point on 
the movable platform viewed through the 
prism was 2 in. to the left of its true loca- 
tion. A white Masonite cover could be 
placed over the prism in a fixed position. 
On the edge of this cover furthest from S 
were two index marks; one in line with the 
center of the prism (L) and the other 4 in. 
to the right of it (R). These marks were 
repeated beneath the cover on the upper sur- 
face of the box near the prism and in line 
with those on the cover. To increase the 
illumination in the box and to prevent reflec- 
tion by the prism two 25-w. incandescent 
lamps were placed at the centers of each end. 
These lamps were not visible to S when 
viewing through the prism. For the K re- 
sponses a hinged aluminum bracket was 
fixed to the movable platform (Fig. 1 left). 
This held S's extended but relaxed index 
finger ina fixed position while it was moved 
by S with his right hand from side to side 
by means of the 3-in. diameter control on 
the right. A pointer which extended from 
the position of the fingertip moved across a 
Shelf projecting from the rear of the box 
and on the same level as the platform. The 
finger bracket was hinged so that it could be 
Be back out of the visual field. For the 
2 M responses there was a removable alumi- 
hum tray to hold firmly stacks of 13 X 8 in. 
paper sheets. These sheets could be removed 
aa at a time from the tray which was 
Placed in a fixed position on the platform. 

En of graph paper, each with two ref- 
: ce lines 4 in. apart, were used to record 
T during pre- and posttests. For the 
em tasks these sheets were fixed to the 
Platform so that the reference lines were in 


exact vertical alignment with the index 
marks, For K responses the record sheet 
was similarly fixed to the shelf. In the KM 
task the responses during the exposure pe- 
riod were made by S himself on separate 
sheets in the tray, but for the passive K task 
the responses were recorded by E on the 
same record sheet as for the pre- and post- 
tests. 

Subjects.—There were four groups of eight 
boy and girl Ss, All were in the fourth 
grade of a high school and between 16 and 
17 yr. 

Procedure.—The K responses for the pre- 
and posttests involved S moving his resting 
and nonvisible left index finger so that it 
was judged to be in vertical alignment with 
one of the two marks on the cover. The 
index finger was moved between these two 
positions by S with his right hand operating 
the rotary control (Fig. 1, left). There were 
10 alternating responses for both pre- and 
posttest, 5 in line with L and 5 in line with 
R. The position of the finger indicated by 
the pointer after each response was marked 
by E on the graph paper pinned to the shelf. 
The KM responses during pre- and posttests 
merely consisted of S marking crosses in ap- 
parent vertical alignment with the two marks 
on the cover (Fig. 1, right). Five crosses 
were marked in vertical alignment with L 
and five in alignment with R. To prevent 
sequential effects the starting position of the 
hand was varied between 1.0 in, 0.5 im. to 
the right and left of the index marks and 
alignment with them. There was a different 
random order of these five positions for the 
L and R index marks for each S. 

For the exposure period the cover was re- 
moved and S viewed his hand, now optically 
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displaced to the left, through the prism. 
During the K exposure period S moved his 
visible but passive hand by means of the 
rotary control operated by his other hand. 
The passive hand was moved until it was 
judged to be alternatively in vertical align- 
ment with the L and R marks. There were 
14 responses made at regular intervals dur- 
ing a period of 3 min. The instruction to $ 
was to view his hand throughout this 3-min. 
period. The judgments were recorded by E 
in the same manner as during the pre- and 
Posttests. For the KM exposure, S re- 
sponded at the same rate and for the same 
time by making crosses while viewing his 
hand. Each cross was marked on a sheet of 
paper in the tray, one cross to each sheet so 
that one response could not be determined 
by that preceding it. 

There were four groups. Group KM-KM 
made KM responses (crosses) during pre- 
test, exposure, and posttest, and Group K-K 
made K responses (passive finger position- 
ing) during the three phases, Group KM-K 
made KM responses during pre- and post- 
tests and K responses during exposure, and 
Group K-KM made K responses during the 
two test phases and KM responses during 
exposure. 


Results 


The distance of the K and KM re- 
sponses from the two reference lines 
corresponding to the R and L index 
marks were measured to the nearest 
0.1 in. The mean positions of the two 
groups of five pretest responses were 
found and the differences between these 
means and each of the five correspond- 
ing posttest responses calculated. Dif- 
ferences in an expected direction (i.e., 
posttest response to the right of the 
pretest mean) were scored as positive 
aftereffects, and those in the opposite 
direction as negative. Thus for each S 
there were 10 difference (aftereffect) 
scores, 5 for the L mark and 5 for the 
R mark. The mean aftereffects based 
on the 10 scores for eight Ss are shown 
for the four groups in Fig. 2A. The 
distance of the K and KM responses 
from the reference lines during the ex- 
posure period were also measured and 
the means based on 14 responses per 
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S found for the four groups. These 
means are also shown in Fig. 2A, 

A two-way analysis of variance of 
the aftereffect data has shown that no 
significant effects are attributable to 
either KM or K conditions during the 
3-min. exposure period, or to response 
conditions (KM or K) during the pre- 
and posttests. The interaction between 
these two variables also failed to achieve 
significance. The variance estimate 
from the analysis of variance has been 
used to establish whether the total 
mean for the 32 Ss is different from 
zero. This mean proved to be signifi- 
cant, t(31) = 7.45, p < .001. Thus it 
follows from the analysis of variance 
and the ¢ test that whereas a signifi- 
cant aftereffect occurred under the four 
conditions, there were no significant ef- 
fects attributable to the variables (K 
and KM responses during tests and 
exposure) under examination or to 
their interaction. That is, neither ac- 
tive nor passive responding during ex- 
posure, the type of response, or the re- 
lationship between test and exposure 
activities affected the magnitude of 
adaptation to prism exposure. It can 
also be seen from Fig. 2A that response 
displacement (adaptation) during the 


Fic. 2. Magnitude of adaptation and p 
effect for Exp. I(A), II(B), and the © 
trol conditions (C). 
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exposure phase was greater than the 
aftereffect and in excess of what would 
be predicted from the deviation (2 in.) 
of the prism. The reason for this ef- 
fect will become clear below. 


ExPERIMENT II 


Since the effects of passive and ac- 
tive exposure responses in Exp. I were 
markedly different from those reported 
in other studies, the question arises as 
to the comparability of this and earlier 
experiments. In Exp. I the exposure 
and test responses were identical in 
spatial terms in that under all condi- 
tions S was required to locate two 
points 4 in. apart. In the experiments 
reported by Held and Gottlieb (1958) 
and Held and Hein (1958) the re- 
sponses during exposure consisted of 
a lateral swinging motion of the arm 
while the test responses required S to 
locate the apparent position of a target. 
The differences in the degree of spatial 
relevance of test to exposure responses 
between Exp. I above and previously 
reported studies suggests a source of 
the inconsistency. It is reasonable to 
suggest that the differential effects of 
active and passive exposure responses 
are a function of the degree of spatial 
similarity or “relatedness” between test 
and exposure responses. The aim of 
the second experiment, therefore, was 
to examine the magnitude of prism- 
induced aftereffects as a function of 
active and passive exposure activity 
employing as before two types of test 
Tesponses, KM and K. 


Method 


Apparatus.—The apparatus was the same 
as in Exp. I with the addition of a remov- 
able pivoted board (Fig. 1, center). The 
axis of the board was mounted so that it 
Projected 2 in. above the surface of the mov- 
able platform and was located 10 in. from 
the right of the box relative to S. A strap 
Screwed on to the upper surface held S’s 
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hand firmly in position when the board was 
moved. The position of the board beneath 
the prism was such that S’s hand remained 
in view throughout an arc of 30°. The angle 
through which the board moved was gov- 
erned by two adjustable stops. A metro- 
nome set at 60 beats/min controlled the rate 
of movement during exposure. 

Subjects—There were four groups each of 
12 boy and girl Ss drawn from the same 
grade (fourth) and age group (16-17 yr.) 
as for Exp. I. 

Procedure.—Except for the exposure pe- 
riod the procedure was the same in all re- 
spects as in Exp. I including the type (K 
and KM) and number (10) of pre- and post- 
test responses, variation in starting position, 
and the method of recording and scoring re- 
sponses. 

For passive (P) movement during the 3- 
min. exposure period S's hand was strapped 
on the board and, while E moved the board 
from side to side in time with the metro- 
nome, S viewed his hand through the prism. 
Throughout this period $ was instructed to 
let his hand and arm remain quite limp and 
to relax them completely. During active (A) 
exposure S, with his arm in the same posi- 
tion, viewed his hand through the prism 
while moving it himself at the same rate 
and through the same arc. On completion 
of exposure the pivoted board was quickly 
removed and S's hand placed in position for 
the first posttest response. 

There were four groups. Group KMA 
made KM responses (crosses) during pre- 
and posttest and moved the hand actively 
during the 3-min. exposure period. Group 
KA made K responses (passive finger posi- 
tioning) during the pre- and posttests and 
similarly moved the board during exposure. 
Groups KMP and KP made KM and K re- 
sponses, respectively, during pre- and post- 
tests but E moved the pivoted board during 
exposure while S's hand and arm were re- 
laxed. 


Results 


The mean differences between pre- 
and posttests each based on 10 differ- 
ences per S are shown in Fig. 2B for 
the four groups. A two-way analysis 
of variance of the mean scores for each 
S has shown that there were no sig- 
nificant effects attributable to either 
passive or active conditions during the 
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exposure period or to response condi- 
tions during the test phases. The in- 
teraction between these two variables 
also proved to be nonsignificant. The 
variance estimate derived from this 
analysis was used to establish whether 
the total mean for 48 Ss was different 
from zero. This mean was found to be 
significant, 1(47) 2791, p< .001. 
"Thus whereas a significant aftereffect 
occurred under all four conditions 
there were no significant differences be- 
tween the conditions. 


CONTROL EXPERIMENT 


The measurement of an aftereffect 
from spatially transformed vision is 
usually carried out as in the present 
experiments by finding differences be- 
tween responses made before and after 
a period of exposure to transformed 
visual input, It is conceivable, how- 
ever, that these differences are inde- 
pendent of the experimental conditions. 
That is, the observed change could be 
a function of repeated trials reflecting 
practice or fatigue, In order to estab- 
lish that the changes observed in Exp. 
I and II were due to prismatically 
transformed vision, four of the condi- 
tions used in the two experiments were 
repeated but with untransformed (ie., 
normal) vision during the 3-in. ex- 
posure. Tt was considered unnecessary 
lo repeat all eight conditions for the 
two experiments since if significant ef- 
fects occur with normal vision a selec- 
tion of the conditions would be enough 
to reveal them. For this reason Cond, 
KM-KM and K-K from Exp. I and 
KMA and KA from Exp. II were in- 
vestigated with normal viewing during 
the exposure period. 

The apparatus was the same as that 
used in the earlier experiments but the 
prism was removed from the top of the 
box so that S viewed his hand directly 

through the aperture. There were five 
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Ss per group all of whom were dra 
from the same school grade and 
group as before. The procedures, seo 
ing, and all other details were identic 
to those of the earlier experiments, 

The data for these controls a 
shown in Fig. 2C. Since the mean di 
ference between pre- and posttest fe 
all 20 Ss is 0.04 in., and since 8 of 
20 Ss gave negative effects, statis 
treatment of these data was considere 
unnecessary, It is clear from Fig, 2 
that the effects with normal vision dur 
ing exposure are negligible. 

For the two control conditions KM 
KM and K-K for Exp. I, respon 
were measured for the exposure perio 
and are shown in Fig. 2C. It is cleg 
that these means are to the right of th 
L and R index marks. This observa 
tion explains why in Exp. I the pri 
induced deviation from the true p 
tions of L and R (Fig. 2A) exceedet 
those which would be expected from 
the 2-in. prism deviation. That is 
there was constant error of local 
tion in the frontal plane under nori 
viewing conditions, 


Discussion 


Although significant aftereffects from 
spatially transformed vision occurred 
both experiments in neither did they val 
significantly as a function of test 
sponses (kinesthetic or kinesthetic-mus 
lar), exposure responses (passive or 
tive), or the relationship between tht 
A consideration of the joint data fi 
the two experiments, however, is sugi B 
tive of the determinants of prism-indu 
aftereffects. ] 

Since Ss in Exp. I and II were dra 
from the same population it is legitimate 
to compare the two means. The differ- 
ence between these is significant, !( 
— 3.54, p < .001. These two experime! 
differed only in the responses made d 
ing the exposure period. In Exp. I 
sponses under the four conditions 
during the three phases of each conditioni 
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were spatially near identical in that Ss 
were required to make responses 4 in. 
apart. In Exp. II the responses (swing- 
ing movement) made during the exposure 
phase were spatially dissimilar to those 
during the pre- and posttest. It seems 
reasonable to suppose, therefore, that the 
significantly smaller aftereffects of Exp. 
II resulted from the spatially dissimilar 
responses between the test and exposure 
phases. 

The data reported here are not consist- 
ent with those reported by Held and Hein 
(1958). From their experiment it was 
concluded that significant shifts in locali- 
zation occur with self-produced motion 
during exposure, a conclusion which is 
supported by results from many experi- 
ments (Held & Freedman, 1963). The 
apparatus used by Held and Hein, how- 
ever (see Held & Gottlieb, 1958), in- 
volved an oblique mirror from which the 
target was reflected to S’s eye. The out- 
come of this arrangement was that the 
target occupied an apparently higher (i.e., 
spatially dissimilar) position than that of 
S’s hand during exposure. It is conceiv- 
able that an interaction between the vari- 
ables of passive movement and apparent 
Position of target in the vertical dimen- 
sion led to the smaller shifts for the pas- 
sive condition. In any case, the graphic 
data reported by Held and Hein (1958) 
suggest that a slight shift did occur after 
passive movement. 

In Exp. I the adaptation effect during 
exposure was measured in addition to the 
aftereffect. As shown in Fig. 2A the for- 
mer effect was very large compared with 
the latter. Now, during a period of trans- 
formed vision it can be assumed that 
adaptation occurs and that this effect out- 
lasts exposure. The present data suggest 
that if the postexposure responses are es- 
Sentially similar in spatial terms to ex- 
Posure responses, the persisting adapta- 
tion will be clearly revealed. If the post- 
exposure responses are spatially dissimilar 
the effect will either not be revealed or 
revealed to a slight degree. In the sim- 
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plest terms, if proprioceptive adaptation 
to spatially modified vision is to be meas- 
ured, the responses used to index it need 
to be appropriate. Presumably adaptation 
is present after transformation of visual 
input irrespective of the nature of post- 
exposure responses. Whether or not the 
effect is detected will be dependent on the 
spatial appropriateness of the responses. 
Failure to detect the effect may not neces- 


- sarily indicate its absence so much as. 


the unsuitability of the postexposure re- 
sponses for its measurement. 
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FORWARD AND BACKWARD ASSOCIATIONS IN 


PAIRED ASSOCIATES 


BENNET B. MURDOCK, Jr.2 
University of Missouri 
This experiment was a further test of associative symmetry in STM. 


A separate group of Ss rated the a-b pairs in order to determine the 
more meaningful order for each individual pair. For maximum sensi- 


tivity the data were analyzed by constructing separate ROC curves for 
forward and backward directions. All 42 Ss were tested with dichotic 


presentation on 80 lists of 6 pairs e 
of recall was independent both of o: 
of meaningfulness; ROC curves fo 


were virtually indistinguishable. 


ach. Results showed that accuracy 
rder of verbalization and judgments 
r forward and backward associations 
Asynchrony of onset had little effect 


up to about 250 msec. in either direction. It was suggested that the 
Proper interpretation of these results depends upon what S was re- 


calling in this STM situation. 


One of the oldest assumptions about 
the nature of associative connections 
concerns their directionality; i.e., that 
forward associations are stronger than 
backward associations. The early evi- 
dence for this assumption came largely 
from studies of serial learning (Mc- 
Geoch, 1946), but recently the focus of 
interest has shifted to paired associates. 
Moreover, the evidence for associative 
directionality has recently been called 
into question (Asch & Ebenholtz, 
1962). In particular, these authors 
have suggested the principle of asso- 
ciative symmetry, wherein an associa- 
tion formed between a and b “is estab- 
lished simultaneously and with equal 
strength between b and a [p. 136].” 

If there really is associative sym- 
metry then our current conceptions 
about the nature of the associative 
process may have to undergo consid- 
erable revision. Additional evidence in 
favor of associative symmetry has re- 


1 This investigation was supported by Pub- 
lic Health Service Research Grant MH 
10,882 from the National Institute of Mental 
Health, Public Health Service. The writer 
would like to thank Anne Stricklin for test- 
ing Ss and analyzing data. 
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cently been shown in two experiments 
in short-term memory (STM). In the 
first experiment (Murdock, 1962) pairs 
consisting of common English words 
were presented visually and, presum- 
ably, read sequentially; in general re- 
call was equally good in both directions 
regardless of serial position of the test 
pair, length of list, presentation rate, or 
number of presentations. In the second 
experiment (Murdock, 1965a) dichotic 
presentation was used and S had to 
verbalize each pair as soon as he heard 
it. Accuracy of recall was independent 
of both input channel and order of 
verbalization; thus, recall was again 
equally good in both directions. ^ 

In view of the importance of this 
problem, a further investigation was 
undertaken in an attempt to resolve 
two possible ambiguities in these previ- 
ous studies. In these experiments the 
words forming the a-b pairs Were 
paired at random. Certainly some pairs 
are more meaningful in one order (say 
a-b) while other pairs are more mean- 
ingful in the other order (say b-a). 
Perhaps the previous results shoW 
mainly that idiosyncratic factors will 
balance out if only one uses sufficiently 
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large Ns (of pairs, that is). To solve 
this problem, in the present experiment 
a separate group of Ss rated all pairs 
so we could assess which order (a-b or 
b-a) was more meaningful for each 
pair. x 
Secondly, the lack of difference be- 
tween forward and backward associa- 
tions in the previous experiments may 
possibly have been due to lack of sensi- 
tivity in the design of the experiment. 
In the present experiment an attempt 
was made to obtain separate ROC 
curves for forward and backward as- 
sociations. The use of ROC curves in 
STM has been suggested in a prior 
study (Murdock, 1965b) and this 
method would seem to provide as sen- 
sitive a test as is currently available. 


METHOD 


Each list consisted of six a-b paired asso- 
ciates, and the a and b members of each pair 
were common English words. Dichotic pres- 
entation was used throughout. That is, S 
heard each pair of words through head 
phones, one word in the left ear and one 
word in the right ear. The onset of the 
two words of each pair was approximately 
simultaneous. 

The advantages of dichotic presentation 
have been discussed elsewhere (Murdock, 
1965a) ; essentially it ensures that the input 
is simultaneous rather than successive. Dur- 
ing testing S is required to speak the two 
words aloud; it is at this point that the 
stimuli change “from line abreast to line 
astern [Broadbent, 1958, p. 216].” The or- 
der in which the two words are spoken then 
determines whether the pair is forward or 
backward. Only one pair from each list was 
tested to avoid the problem of interpolated 
recall (Murdock, 1963). 

Procedure.—In most respects the procedure 
was identical with that of the "supplementary 
experiment" previously reported (Murdock, 
19654). One of the two tapes from the sup- 
plementary experiment was used in the pres- 
ent experiment, so the stimulus material has 
already been described. The presentation 
Tate was 30 pairs/min (i.e. 2 sec. per pair) 
and the same speaker (BM) was on both 
Channels. Each list consisted of six pairs 
followed by a probe (or cue for recall) ; the 
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probe was a word from one of the six pairs. 
Given the probe S tried to recall the word 
that went with it. Naturally, the critical 
pair was in no way distinguished prior to 
the test for recall. After each list there was 
a recall period of approximately 15 sec., then 
about a 5-sec. ready period before the next 
list. 

There were two practice lists followed by 
78 test lists. The serial position of the test 
pair and the position of the probe (i.e, left 
or right) were randomized within each block 
of 12 trials. All Ss were tested individually, 
and instructions were to respond (guessing 
if necessary) after each trial; no omissions 
on the recall test were permitted. 

For the ROC curves the Pollack and 
Decker (1958) confidence rating scale was 
used. That is, after each response S had to 
indicate how confident he was that it was 
correct by means of a 6-point rating scale 
going from +++ (“Positive the word is 
correct") to —— — ("Positive the word is 
wrong"). The Ss were 42 students of both 
sexes from the introductory psychology 
course who were fulfilling a course require- 
ment. 

Judgments of meaningfulness.—To obtain 
independent judgments of meaningfulness, a 
class of 60 students (again an introductory 
psychology section but of course a different 
group) was asked to rate all pairs. Specifi- 
cally, the words JAY BLUE and SUN LAMP 
were written on the board. Then, E circled 
BLUE and SUN to indicate that BLUE JAY was 
a more meaningful order than JAY BLUE (and 
SUN LAMP than LAMP SUN). The students 
were then given mimeographed lists contain- 
ing all the pairs which had been used in the 
experiment and asked to decide, for each 
pair, the more meaningful order. They 
were to circle the first word as in the exam- 
ples given. 

The class seemed to have no difficulty in 
understanding the instructions and all stu- 
dents completed the task within the 50-min. 
class period. To check on the reliability of 
the ratings the 60 papers were ordered 
alphabetically, then sorted into "odd" and 
"even" groups of 30 each. The number in 
each group selecting the first word of each 
test pair was determined; for these 78 test 
pairs the reliability was .91. 


RESULTS 


To determine the reproducibility of 
results with dichotic presentation, the 
present results were compared with 
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those obtained in the previous supple- 
mentary experiment. Table 1 shows 
recall probability as a function of serial 
position of the test pair. Despite the 
fact that in the former experiment 
8 Vermont students were tested on 
two tapes while here 42 Missouri stu- 
dents were tested on one tape the 
agreement seems rather good. 

As an overall summary measure, 
each pair was tagged as "forward" or 
"backward" for each S as a function of 
his order of verbalization. Thus, if 
the test pair had been, for instance, 
LEGEND-FOOT and if the cue for recall 
was Foot, then the pair would be 
tagged as forward if S had said “foot, 
legend” but backward if S had said, 
“legend, foot.” When summed over 
all S's and all serial positions, the condi- 
tional probabilities were .373 for for- 
ward associations and .347 for back- 
ward associations. (That is, probabil- 
ity of correct recall given a forward 
order and probability of correct recall 
given a backward order, respectively.) 
Of the 42 Ss the forward conditional 
probabilities were higher than the back- 
ward conditional probabilities for 23 Ss 
while the reverse was true for 16 Ss 
(three ties). In view of the small 
magnitude of the differences and the 
fact that a 23-16 split is far from being 
statistically significant, in general it 
would seem as if the present results 


TABLE 1 


RECALL PROBABILITY FOR PREVIOUS 
(Murdock, 1965a) AND PRESENT 


EXPERIMENTS 
SP Previous Present 
1 07 08 
2 09 07 
3 18 48 
4 AT 48 
5 61 67 
6 96 93 
ee 
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confirm the previous finding of no dif- 
ference between forward and backward 
associations. 

One of the main purposes of the 
present experiment was to determine 
if language habits (or, alternately, 
idiosyncratic differences among pairs) 
affect recall. There are several ways 
in which one can analyze the data to 
test this hypothesis, and these will be 
presented separately. The first way is 
to determine whether the class judg- 
ments of meaningfulness predict recall 
regardless of how the pairs are ver- 
balized in the dichotic situation. Dif- 
ferent tests were conducted for Serial 
Position (SP) 1—4 and for SP 5. For 
the former (where recall probability 
was relativey low and homogeneous for 
all pairs) a 2 X 2 contingency table 
was constructed for a median test. 
Pairs were dichotomized, first, in terms 
of whether the cue for recall in the di- 
chotic situation was in the same or 
opposite direction to the dominant lan- 
guage usage (ie. judgment of mean- 
ingfulness), and secondly, in terms of 
whether the number of correct recalls 
was above or below the median. For 
the 50 pairs (two pairs had exactly 4 
30-30 split on the judgment ratings 
and so were excluded) the chi-square 
value was .03. Thus, accuracy of re- 
call was independent of whether the 
pair was tested in a forward or bo 
ward order relative to the judgments 0 
meaningfulness. 

For SP 5, a more sensitive test was 
possible because there was à ae 
spread of recall scores. For the l 
test pairs at SP 5 recall probability 
ranged from .36 to .79; for these same 
13 pairs the percentage of students 
choosing the probe (cue for recall) 35 
the first word of the more meaningft 
order ranged from 5% to 85%. ane 
rank-order correlation between TR 
two measures was —.44, nearly 516 
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nificant in the wrong direction. Thus, 
for both SP 1-4 and for SP 5 there is 
no evidence that pairs tested in the 
dominant direction are easier to re- 
call than pairs tested in the nondomi- 
nant direction. 

The second method of analysis takes 
into account order of verbalization rela- 
tive to the judgments of meaningful- 
ness. In general, those pairs with the 
strongest directionality were classified 
as forward or backward as a function 
of order of verbalization and then com- 
pared on recall. On the basis of the 
class ratings the eight most extreme 
test pairs from SP 1-4 were as follows : 
CONTEST-TEXAS (4-56), LEGEND-FOOT 
(6-54), FIGURE-OPERA (6-54), ELBOW- 
CoNrLICT (53-7), GLARE-EARTH (7-53), 
BLADE-ANCHOR (7-53), WICKED-PEARL 
(52-8), and sorry-cLay (51-9). (The 
numbers after each pair indicate how 
many of the 60 Ss circled the first and 
second word in each pair.) For each 
S in the dichotic situation each pair 
was tagged as forward or backward 
depending upon whether he had ver- 
balized it in the dominant (eg. 
TEXAS-CONTEST) or nondominant (e.g., 
CONTEST-TEXAS) order. When pooled 
over lists and Ss there were 188 for- 
ward associations and 124 backward 
associations (and 24 cases of failure 
to verbalize both members of the pair). 
The conditional probabilities of correct 
recall for forward and backward asso- 
ciations were .16 and .15, respectively. 
Again, pairs with a fairly strong direc- 
tional bias are recalled with equal fa- 
cility regardless of whether they were 
verbalized in the “forward” (domi- 
nant) or “backward” (nondominant) 
direction. 

Still a third method of analysis re- 

8 This result is probably not an artifact of 
averaging over pairs; of the eight pairs, five 
were recalled more often when verbalized in 


the forward order but three were recalled 
better when verbalized in the backward order. 
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quires the separation of judgments of 
meaningfulness and order of verbaliza- 
tion. With a 2 x 2 breakdown it was 
found that, at SP 1-4, pairs verbalized 
in the more meaningful order were re- 
called slightly better when the probe 
was forward than when the probe was 
backward (recall probabilities of .13 
and .10, respectively). Pairs verbal- 
ized in the less meaningful order were 
also recalled better when the probe was 
forward (relative to order of verbali- 
zation) than when it was backward 
(recall probabilities of .14 and .13, re- 
spectively). However, these differ- 
ences are certainly small, and the first 
of these two comparisons was actually 
in the opposite direction when the com- 
parable analysis was made for pairs at 
SPS: 

For the ROC curves, distributions 
of item difficulty were obtained sepa- 
rately for each serial position. In all 
there were 17 test pairs which had re- 
call probabilities between .25 and .75; 
1, 2, 2, and 12 pairs from SP 2, 3, 4, 
and 5, respectively. (All 13 pairs in 
SP 1 were below .25 while all 13 pairs 
in SP 6 were above .75.) For these 
17 pairs directionality was assessed in 
terms of order of verbalization (sepa- 
rately of course for each S on each 
pair). Then, distributions of confi- 
dence ratings (see Table 1 in Murdock, 
1965b, for an illustration) were obtained 
separately for forward and backward 
associations. That is, these distribu- 
tions showed how the confidence rat- 
ings were distributed along the 6- 
point scale (from ——— to atiam] 
for correct and incorrect recalls. 

The ROC curves for forward and 
backward associations were obtained 
by plotting (on double-probability 
axes) the cumulative conditional proba- 
bilities for correct recalls (ordinate) 
as a function of incorrect recalls (ab- 
scissa). That is, following the cus- 
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tomary procedure (see, e.g., Pollack 
& Decker, 1958), probability of confi- 
dence rating j or stricter given a cor- 
rect recall was plotted as a function 
of probability of confidence rating j or 
stricter given an incorrect recall. The 
ROC curves (straight lines on double- 
probability paper) were drawn and the 
values of d' read from the graphs. The 
value of d was 1.55 for forward asso- 
ciations and 1.60 for backward associ- 
ations; thus, it would seem as though 
previous failures to detect differences 
in directionality were probably not due 
to the use of an insensitive measure.* 


Discussion 


In general the results give rather little 
support for the contention that forward 
associations are stronger than backward 
associations. Certainly, if there are dif- 
ferences the magnitude of the effects are 
small, especially in view of the sorts of 
differences that often are found in stud- 
ies of STM. Even the ROC curves for 
forward and backward associations were 
virtually indistinguishable. Of course, 
this is not to deny that asymmetry can 
be established; given proper instructions 
and conditions forward associations may 
be stronger than backward associations 
(eg, Asch & Ebenholtz, 1962). Sub- 
jectively it seems that rehearsal while lis- 
tening to dichotic tapes is rather difficult, 
but an explanation of the present results 
in terms of bidirectional rehearsal cannot 
definitely be eliminated until rehearsal 
can either be measured or controlled. 

One of the problems with dichotic pres- 
entation is misperception of the original 
a-b pairs. As before, in such cases scor- 
ing was governed by S's verbalization 
whenever it differed from the words 


*The ROC curves do differ slightly in 
slope; the standard deviation was slightly 
greater for correct than for incorrect recalls 
with backward associations, and the reverse 
was true with forward associations, How- 
ever, the two ratios did not differ greatly 
(112 and 0.92, respectively) and, in any 
event, d' is the appropriate measure of signal 
strength. 
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originally recorded on the tape. Asa 
further check, however, an analysis was 
made of all cases in which the two words 
of each pair were not verbalized during 
list presentation. While the resulting 
distribution was not exactly a Poisson, 
still these failures were sufficiently infre- 
quent (occurring about 5% of the time) 
to be considered a rare event. Perhaps 
more important, such failures seemed to 
be equally distributed over all six serial 
positions. 

Another problem with dichotic pres- 
entation is that the onset of the two words 
in each pair is not always exactly simul- 
taneous. To measure the asynchrony 
(i.e, difference in time of onset between 
the a and b word in each pair) the test 
pair in each list was displayed on a dual- 
beam oscilloscope (Tektronix 502A) and 
photographed for subsequent analysis, 
The magnitude of asynchrony was deter- 
mined for each pair, and the error of 
measurement (defined in terms of the SD 
of the distribution of differences between 
two independent judges) was 11 msec. 
While two thirds of the pairs differed 
in time of onset by no more than 128 
msec., the most extreme difference ap- 
proached 300 msec. 

Tt would seem then that in fact some 
pairs were actually forward and others 
backward; the cue for recall led or lagged 
the correct response during list presenta- 
tion, To determine the effect on recall, 
the five most extreme forward pairs from 
SP 1-4 were selected, and they had a 
mean asynchrony of 252 msec. The five 
most extreme backward pairs from SP 
14 were also selected, and they had a 
mean asynchrony (in the opposite direc- 
tion) of 199 msec, For the five forward 
pairs the mean recall probability was AS 
but only .11 for the five backward pairs. 
However, a Mann-Whitney U_ test 
showed that the difference was very far 
from significant (U — 10 with m= 2 
=5). Thus, within the limits of the 
Present experiment (ie 0 + 250 msec.) 
the relative onsets of the two words in 
the a-b pairs had little or no effect on 
recalls. 

Simultaneous rather than staggered 
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presentation of the a-b pairs was used in 
the present experiment because it would 
seem to be the logical starting point for 
any investigation of the effects of direc- 
tionality in STM. With simultaneous 
presentation, it is by now quite clear that 
recall is independent both of the way $ 
verbalizes the pair and whether the pair 
is forward or backward relative to pre- 
experimental language habits. Now it 
might be fruitful deliberately to vary the 
time of onsets of the two words in each 
pair in order to determine the amount of 
temporal separation necessary to break 
down associative symmetry. However, 
the above findings suggest that this sepa- 
ration will have to exceed 250 msec. 

It was somewhat of a surprise to dis- 
cover that the ratings of meaningfulness 
were so completely unrelated to recall. 
That is, even those pairs which were 
judged by 90% of the Ss to be more 
meaningful in one direction were recalled 
with equal facility either way. Of course, 
consensus is not necessarily a good meas- 
ure of magnitude (though such an as- 
sumption is common in using normative 
data from word-association studies) and, 
no doubt, even more asymmetric pairs 
(eg. JAY-BLUE) could have been used. 
However, a measure of associative 
Strength based on consensus at least tends 
to rule out idiosyncratic interactions be- 
tween individual Ss and individual pairs. 

Finally, what do these results suggest 
about the nature of associations? Clearly, 
the "traditional" explanation of verbal 
associations and paired-associate learning 
within the framework of a Pavlovian 
classical-conditioning paradigm seems in- 
appropriate. The question really is, what 
do Ss recall? If they process or encode 
the stimuli and recall this encoded ver- 
Sion (or, in other terms, representational 
Tesponses; see Deese, 1964) this encoded 
Version almost must be sequential (see 
Welford, 1960). "Then one would seem 
to have two associations and, within the 
limits of the experimental studies, a 
backward order apparently imposes no 
hardship, 
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There is another alternative, however. 
Perhaps two essentially simultaneous 
stimulus traces are formed and, in recall, 
S is faced with a redintegrative task. 
Just as he “read off” the two traces when 
he verbalized the pair immediately after 
presentation, so he is attempting to do the 
same thing at recall, A time delay and 
additional a-b pairs have intervened, but 
this only serves to increase the difficulty 
of the task. Given that the two traces 
were essentially simultaneous in pres- 
entation, naturally recall occurs equally 
well either way. Thus, according to this 
alternative, directionality enters only in 
the process of measurement. 
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MEDIATED STIMULUS EQUIVALENCE AS A FUNCTION 
OF THE NUMBER OF CONVERGING 
STIMULUS ITEMS? 
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University of Minnesota 


3 experiments were performed in which the number of stimuli that con- 
verged upon a common response in a paired-associate transfer design 
was varied. 36 Ss served in each experiment. The number of stimuli 
systematically varied between the 3 studies (20, 10, and 6) while each 
study utilized 2 responses. Facilitation, interference, and control con- 
ditions were set up in each study by varying the stimulus relation- 
ships between the original learning and transfer lists. Results indicated 
that the mediated-facilitation groups generally performed better than 
their appropriate controls while the mediated-interference groups per- 
formed more poorly. Further, the magnitude of these effects varied 


directly with the number of converging stimuli. 


In recent years psychologists have 
become aware of the close relation be- 
tween the problem areas of stimulus 
and response equivalence, concept for- 
mation, and mediational theory, and 
several theoretical attempts have been 
made to account for a subset of equiva- 
lence phenomena within the framework 
of mediational theory. A number of 
studies demonstrating the acquisition of 
stimulus equivalence have been shown 
to fit nicely into the mediational ac- 
count. The early work by Shipley 
(1935) and Hull (1939) as well as 
the recent work by Horton and Kjel- 
dergaard (1961) are examples. How- 
ever, mediational theory per se does 
not explain the frequent failures to find 
such effects (see, e.g., Jenkins, 1963). 
It might be argued that before we can 
adequately explain acquired equiva- 
lence both the theoretical formulation 
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and the assessment of mediational proc- 
esses must be related to data that go 
beyond the demonstration of the exist- 
ence of the specific phenomena, impor- 
tant as these early studies are. Hor- 
ton's (1964) study is an example of 
an experiment that goes beyond simple 
demonstration by showing the role of 
the meaningfulness of the presumed 
mediator in determining the magnitude 
of the mediational effect observed. 

In the area of stimulus equivalence, 
however, there have been few studies 
where a parametric manipulation of à 
relevant variable has been attempted. 
The study by Richardson (1958) in 
Which the preexperimental similarity 
among stimuli was varied, low or high, 
and the number of responses Over @ 
16-item list was varied from 2 to 8, i$ 
probably the closest to such a study. 

In the typical equivalence desig", 
exemplified by the work of Lacey 
(1961), Palermo (1962), and by US 
published studies performed in the 
Minnesota laboratories by Gough ^ 
Odom, Greeno, and Smith, a common 
response is learned to two or mofé 
stimuli during original learning (0L), 
then on a transfer task a new respons 
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is learned to the same stimuli. Typi- 
cally, two or three responses for six to 
nine stimuli have been used. (For ex- 
ample, vASE-l, SHEEP-l, NURSE-l, are 
presented in OL along with a parallel 
set consisting of three other stimuli and 
one other response; and VASE-DOB, 
SHEEP-DOB, NURSE-DOB, are presented 
on the test list along with the other 
three pairs with a new common re- 
sponse.) An interference control pro- 
cedure for this design consists of ran- 
domly, rather than systematically, as- 
signing the stimuli among the available 
responses on the transfer task. This 
is similar to the design for acquired 
equivalence of cues discussed by Spiker 
(1956, 1963), and the research re- 
viewed by Spiker is relevant to our 
current concern. 

The findings of the studies cited 
above have been equivocal. Palermo 
(1962) was able to demonstrate ac- 
quired stimulus equivalence with third 
and fourth graders but not with tenth 
graders or college students. Smith, in 
a set of carefully planned studies of the 
same sort, was not able to demonstrate 
the phenomenon in college Ss even with 
repeated experiences across paired- 
associate lists that exemplified the same 
systematic equivalence relations. Be- 
cause of these inconsistencies the pres- 
ent study was planned. It appeared 
that Ss (at least grade-school children) 
could make use of mediational proc- 
esses but often (at least in the case of 
college students) they did not do so, 
possibly because the mediation strategy 
was not utilized (because it did not 
occur to them or because some other 
strategy was easier or prepotent) or 
because the associational bonds were 
too weak. 

If S mediates only when he adopts a 
“strategy” to do so, one way to induce 
him to adopt such a strategy in a learn- 
ing test would be to give him a task 
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in which any alternative to mediation 
would involve more difficult learning. 
Suppose, e.g., S is given a long list of 
paired associates with few different re- 
sponse terms, i.e., many stimuli con- 
verging upon a few responses. Such 
an arrangement will, in à transfer task 
utilizing identical stimulus groupings, 
give an enormous advantage to S who 
chooses to exploit what he has just 
learned relative to S who learns the list 
as a new one, or to another S who re- 
ceives a different stimulus grouping on 
the transfer task and therefore cannot 
utilize the previous learning but must 
resort to learning each particular pair. 

If, on the other hand, the medi- 
ational process can be explained with- 
out the notion of strategy, ie. if it 
is dependent only on the associative 
strength between the stimulus mem- 
bers, the presumed mediators, and the 
response members, there is still an ad- 
vantage in using a large number of 
stimulus items converging upon the 
same response since it can be argued 
that the necessary associative chains 
will have more opportunities to be 
strengthened. 

Given either line of reasoning, the 
first step appeared to be the investiga- 
tion of the effectiveness of acquired 
stimulus equivalence as a function of 
the size of the possible stimulus 
groupings. 

METHOD 

Three procedurally identical experiments 
were performed in which the variable of in- 
terest was the number of stimulus items that 
converged upon the same response. In the 
first of these, 20 stimuli were paired with 
two responses (10 stimuli to each response) 
during OL. On the transfer task, the facili- 
tation group had the same 10 stimuli that 
converged upon the first response in OL 
also converge upon the first (new) response 
on the transfer list; the second 10 stimuli 
were treated analogously. (See Table 1 for 
an example of the design.) For the inter- 
ference group one half of the stimuli paired 
with the first response on OL and one half 
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TABLE 1 
ILLUSTRATION OF THE DESIGN USED IN THE EXPERIMENT (10:2 Group) 
Original Learning Transfer 
BPE 
Facilitation Interference Control 
S R 

s R S R s R 
HAMMER 1 HAMMER 1 VASE 1\ | HAMMER DOB 
MOUNTAIN 1 MOUNTAIN 2 STATUE 1 MOUNTAIN DOB 
PAPER 1 PAPER 1 WEB 1 PAPER DOB 
BIBLE 1 BIBLE 2 BEGGAR 1 BIBLE DOB 
SOLDIER 1 SOLDIER 1 WIDOW 1 SOLDIER DOB 
NEEDLE 2 NEEDLE 2 NURSE 2 NEEDLE RAL 
MUSIC 2 MUSIC 1 SHEEP 2 MUSIC RAL 
SPOON 2 SPOON 2 ALLEY 2 SPOON RAL 
BIRD 2 BIRD 1 TIN 2 BIRD RAL 
OCEAN 2 OCEAN 2 STEAM 2 OCEAN RAL 


of the stimuli paired with the second response 
on OL were paired with the new first re- 
sponse on the transfer list. The remainder 
of the stimuli were paired with the new 
second response. A warm-up control used 
20 different stimuli and two responses during 
OL but the same transfer list as the other 
two groups. The experiment involving these 
three groups will be referred to as the 20 
(stimuli) to two (response) design (20:2). 
The second experiment was similar to the 
first except that 10 stimuli were paired with 
two responses, ie, a 10:2 design. A third 
experiment utilized a 6:2 design, 6 stimuli 
and two responses being used throughout. 
Facilitation, interference, and warm-up con- 
trol groups were perfectly analogous across 
the three studies, 

Subjects. —Three complete experiments 
Were performed with three groups per ex- 
periment. The Ss, 108 in all, 12 per group 
Per experiment, were undergraduate volun- 
teers from the’ introductory psychology 
course at the University of Minnesota, Ex- 
periments I-III were done successively, but 
within each experiment Ss were assigned 
to one of the three conditions by a random 
process completed before Ss appeared, sub- 
ject only to the restriction that males and 
females were equally represented in each con- 
dition, The same E served throughout. 

Material—The verbal materials were 
chosen for Exp. I and a random subset of 
these materials was used for Exp. IL. A 
random subset of the Exp. II materials was 
utilized in Exp. III. 

Forty object nouns which had minimal 


interassociative strength as indicated on the 
Minnesota norms (Russell & Jenkins, 1954) 
and Connecticut norms (Bousfield, Cohen, 
Whitmarsh, & Kincaid, 1961) and by in- 
spection were utilized as stimuli. They were 
high frequency nouns, most having the AA 
rating on the Thorndike-Lorge (1944) count. 
These were randomly divided into two 
groups, one set to serve in OL for the con- 
trol group and the other for the experi- 
mental groups (facilitation and interference). 
The responses in OL were the digits 1 and 
2; for the transfer list they were high mean- 
ingful trigrams pos and rat (Archer, 1960). 

For the interference condition the stimulus 
grouping was rearranged so that half of the 
words that converged upon the digit 1 and 
half that converged upon the digit 2 on the 
original list converged upon the same CVC, 
€, DOB, on the transfer list. (On the 6:2 
and 10:2 lists this could only be approxi- 
mated, of course.) 

Across all experiments four different group- 
ings of the stimuli which converged upon the 
common responses in the facilitation and in- 
terference groups were utilized to obviate 
the possibility that specific groupings of the 
words had some particular preexperimental 
salience. The Ss in the control condition in 
each experiment always learned a fixed un- 
related list in OL but on the transfer list 
Were assigned to one of the four test-list 
groupings. Each S was, therefore, assigned 
in a random fashion to both a condition an 
a particular list structure. 

The lists were presented on a Lafayette 
memory drum at a 2:2 rate with an 8-sec 
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intertrial interval. To control for the possi- 
bility of serial learning, there were four ran- 
dom orders of presentation of the list for the 
20:2 groups and six random orders for the 
10:2 and 6:2 groups. 

Procedure.—The S was seated in front of 
the memory drum and was read the paired- 
associate learning instructions. He had one 


familiarization trial during which he read the 


stimulus and response words aloud and then 
learned by the anticipation method to a cri- 
terion of three errorless trials. There was 
à brief pause while E changed memory-drum 
tapes and then S, after being told that the 
instructions were the same except that he 
would be seeing nonsense syllables rather 
than numbers and after having a familiariza- 
tion trial, learned the transfer list to a cri- 
terion of two errorless trials or a total of 10 
learning trials. 


RESULTS 


First-list learning —The mean num- 


ber of trials to criterion in OL for all” 


groups in each experiment is given in 
Table 2. In general, the number of 
trials decreases from Exp. I to HI. 
The magnitude of the difference be- 
tween the 10:2 and 20:2 experiments 
is not very great, however. Within an 
experiment it should be remembered 
that list materials for the facilitation 
and interference groups were the same 
(though, of course, they were not in 
the same pairings) but that the stimuli 
were different for the control group. 
Although the comparability across 
groups within experiments does not 


TABLE 2 
TRIALS TO CRITERION ON ORIGINAL 
LEARNING 
Group 
Ei [cll a 
Facilitation | Control | Interference 
I 17.08 1842 | 13.75 
(20:2) 
I 13.83 15.67 | 15.67 
(10:2) 
1 12.33 8.75 | 1183 
(6:2) 
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appear very great on inspection, over- 
all F tests failed to find significant dif- 
ferences between these groups: 20:2, 
F (2, 33) =2.62, p < .10; 10:2, F (2, 
33) = 22, p> 25; 6:2, F (2, 33) = 
1.16, p> 25. Further, the pattern of 
first-list learning data is such that the 
facilitation group never enjoys a sub- 
stantial advantage over either of the 
other groups. Superior test-list per- 
formance by the facilitation group in 
the 20:2 study would be surprising 
from any inference made about learn- 
ing ability with the OL lists. 

Test-list learning —The transfer ef- 
fects were investigated for the first 10 
trials of the second list. An S who had 
two errorless trials in succession was 
considered to have learned the list.* 
The results are graphically shown in 
Fig. 1. These results are plotted in 
terms of percentage correct since the 
number of items per list varied across 
experiments making neither number of 
correct responses nor errors a repre- 
sentative way to plot the data. 

An analysis of variance was per- 
formed on the number of correct re- 
sponses across the 10 trials for each ex- 
periment. The main effect for groups 
was significant for the 20:2 and 10:2 
experiments, F (2, 30) = 17.52, p< 
01, and F (2, 30) = 4.18, p < 05, re- 
spectively. This effect was not signifi- 
cant for the 6:2 experiment, F (2, 30) 
= 140, p > .25. The effect for sex of 
S was not significant in any of the 
studies, nor was the interaction of 
groups with sex of S. The effect for 
trials was significant, of course, in each 
of the studies: Exp. I, F (9, 270) = 
48.64, p < .01; Exp. II, F (9, 270) = 


z The number of Ss that learned prior to 
the tenth test trial varied with both condition 
and experiment as would be expected. For 
the facilitation, control, and interference con- 
ditions in the 20:2, 10:2, and 6:2 studies, re- 
spectively, these numbers are 942; 810,4; 
and 9,9,6. 
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Fic. 1. Percentage of correct transfer list 
responding in (top to Exp. I, II, 
and III as a function of anticipation trials. 


5.10, p < .01; Exp. III, F (9, 270) = 
1629, p<.01. The interaction of 
groups with trials reached significance 
only for the 20:2 experiment, F (18, 
270) = 6.00, p< .01. None of the 
other two- or three-way interactions in 
any of the experiments met an accept- 
able level of significance, 

Main-effect analyses do not exhaust 
the information available from these 
studies, however, Inspection of the 
graphs in Fig, 1 indicates that the dif- 
ferences between the facilitation and 
warm-up control groups is greatest on 
Trial 1 for each of the experiments. 
Most mediational analyses, and the re- 
sults of previous studies, e.g., Jenkins, 
Foss, and Odom (1965), lead one 
to expect the greatest facilitation effect 
on the first test trial. Therefore, ¢ tests 
were performed on the first-trial data 
from each of the studies. The facilita- 
tion groups performed significantly bet- 
ter than the warm-up control in the 
20:2 and 10:2 experiments, 1(22) = 
342, p < 01; and #(22) 2179, p< 
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.05, respectively; but did not differ. 
from the warm-up control in the 6:2 
study, #(22) = 1.09, p < .20, The in 
terference and facilitation groups dif- 
fered significantly in all three of the 
studies, 20:2, 1(22) = 4.50, p « 0t; 
10:2, (22) 2 300, p< 01; 6:2, 
1(22) = 1.94, p < .05, while the inter- 
ference and control groups did not dif- 
fer significantly in any of them, 20:2, 
(22) — 75, p > 20; 10:2, t(22) = 
1.05, p> .10; 6:2, 1(22) =.33, p> 
.30. Further inspection of Fig. 1 re 
veals that the decrement in the inter- 
ference groups relative to their warme 
up controls is not greatest on Trial 1. 
The interference group does poorest 
relative to the warm-up control on 
Trial 4 in the 20:2 experiment, om 
Trial 5 in the 10:2 experiment, and on 
Trial 3 in the 6:2 study. 

A breakdown of the Groups X Trials 
effect into facilitation vs. control and 
interference vs, control, over trials, was 
performed for each experiment. The 
facilitation vs. control contrast was sig- 
nificant in the 20:2 and 6:2 experi- 
ments, F (9, 270) = 6148, p< Ol, 
and F (9, 270) = 1774, p < 01, re- 
spectively, but was not significant in the 
10:2 study, F (9, 270) = .51, p > 25. 
This interaction pattern apparently Te- 
flects the advantage that the facilita- 
tion group enjoys at the onset of test- 
list learning. The interference vs. con- 
trol contrast was significant in the 20:2 
and 6:2 experiments also, F (9, 270) 
= 3030, p < .01; and F (9, 270) = 
9.59, p< Ol, respectively, and just 
failed to reach significance in the 10:2 
experiment, F (9, 270) = 1.86, P< 
10, These interactions reflect the fact 
that the decrement suffered by the in- 
terference groups was greatest at about 
Trial 4. ^i. 

The performance on the first antici- 
pation test trial varied across the x 
periments. For example, the facilita- 
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tion group was 76.3% correct in the 
6:2 experiment, 75.8% correct in the 
10:2 experiment, and 87.976 correct on 
Trial 1 performance in the 20:2 ex- 
periment. 


Discussion 


The results indicate that there is a con- 
sistent relation between transfer-list per- 
formance and the number of converging 
stimulus items and, further, that this re- 
lation depends upon the pairing relations 
between the stimulus and response items 
across the two lists. As hypothesized it 
is possible to obtain impressive results 
with the experimental paradigm employed 
by varying the stimulus-response ratio. 
The Ss who receive the same 10 stimuli 
converging upon a new response on à 
transfer task are almost 90% correct on 
their first anticipation trial in a 20-pair 
list. The generality of these results is 
limited in the present design because 
of the obvious confounding between the 
number of converging stimulus items and 
the overall length of the lists to be 
learned, and interpretations must consider 
this limitation. 

In terms of percentage of correct re- 
sponding, the comparability of the control 
groups for the 20:2 and 10:2 conditions 
is quite good. The control group for the 
6:2 condition performs better, a result 
that is not surprising since a six-item list 
does not present a task of the same order 
of difficulty as does a 10- or 20-item list. 
. The percentage of correct responding 
in the facilitation groups and their per- 
formance relative to the controls reflects 
the number of converging stimulus items 
in a fairly systematic fashion. The ex- 
perimental manipulation was effective in 
producing apparent functional stimulus 
equivalence, The process involved is pre- 
sumed to be a mediational one. The pre- 
cise nature of the mediation cannot be 
exhumed from the present data; however, 
these data suggest a hypothesis about the 
nature of the process involved. When $ 
comes to the test list and receives the 
same stimuli, the chances are very high 
that he will continue to say the old re- 


sponse implicitly. As the new responses 
appear, associations may be formed be- 
tween the response on List 1 and the re- 
sponse on List 2. This implicit response, 
since it is consistently related to the new 
response for those in the facilitation con- 
dition, permits S to learn, in effect, a 2- 
item list rather than a 20-, 10-, or 6-item 
list and thus results in very fast learning 
on the test list, This is the typical asso- 
ciative mediational analysis. However, 
this may not be the only event of impor- 
tance since under the hypothesis identical 
test-list performance should result for fa- 
cilitation groups across all of the experi- 
ments and this outcome was not observed. 

This consideration suggests that asso- 
ciative mediation may not be an automatic 
unitary process, As the associations be- 
tween the List 1 and 2 responses build up 
there is a greater likelihood that they will 
be acquired in the longer list than in the 
shorter. The difference in the number 
of presentations of the stimuli per trial 
across the conditions would be enough to 
explain these differences. A variation of 
this interpretation is that S is trying to 
form hypotheses about the task and is 
busy monitoring his existing associative 
strengths. When he is presented with a 
long list, the opportunity is greater for S 
to note that a consistent response-response 
relation exists between the OL and trans- 
fer lists and he is thus more likely to 
adopt the strategy of responding accord- 
ingly. This is not to say that awareness 
is a necessary condition for the occur- 
rence of facilitative mediation. It is, 
rather, to say that it is possible for S to 
learn that the mediating response from 
the first list is to be employed consistently 
for all pairs in the transfer list before a 
specific association has been acquired for 
each response-response pair. Corrobora- 
tion of this notion about the hypothesis- 
formation activity of S could come from 
an experiment analogous in basic design 
to the ones here but consisting 
of, say, four responses in a 24:4 design. 
It would be possible to arrange the trans- 
fer list so that one of the responses did 
not occur until late in the list, presumably 
after S had produced and accepted an 
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adequate hypothesis about the structure of 
the transfer list. (No familiarization trial 
would be employed.) After the occur- 
rence of one stimulus item that is associ- 
ated with the fourth response (to show S 
what the response is) performance on the 
rest of the list could be almost errorless. 
It would be argued that S could not have 
built in the relevant response-response as- 
sociations over trials for the fourth re- 
sponse and his performance would give 
evidence that he had learned the SyS- 
tem, not "merely" particular associations. 
The formation of a hypothesis about the 
Structure of the system would be, how- 
ever, based upon these "mere" associative 
Strengths and would not be viewed as a 
capricious event. 

It may be that overall frequency of the 
response-response relation is not the cru- 
cial event in the formation of the correct 
hypothesis by S, but that an event of 
some particular nature is necessary so 
that the response-response relation be- 
comes very salient. For example, this 
event might consist of the same response 
occurring three times in succession to the 
varying stimuli, This would occur by 
chance much more often in the 20:2 ex- 
periment than in the 6:2 experiment, 
This notion could be tested by an experi- 
ment in which the number of successively 
occurring same responses was a portion 
of the experimental manipulation. 

The arguments above do not exhaust 
the set of alternatives to simple associa- 
tional mediation, For related work em- 
Phasizing the all-or-none character of me- 
diation see Greeno and Scandura (1964), 

Whether $ is attempting to form hy- 
potheses or is operating at a Strictly as- 
sociative level, the interference condition 
should yield a decrement in performance. 
Interference effects in studies of media- 
tion have been demonstrated to be very 
powerful (Jenkins, Foss, & Odom, 1965; 
McGehee & Schulz, 1961) and this 
study does not contradict these previous 
findings. That the interference effects 
were greatest relative to the control- 

group performance on the third, fourth, 
or fifth trial in each of the experiments 
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suggests an interesting extension of the 
above argument. The Ss in the interfer- 
ence conditions may discover no simple 
response-response relation exists between 
the OL and transfer lists and quickly 
abandon any such hypothesis, However, 
since there are only two responses in both. 
lists, occasionally S' will get a series of 
items in which these relations are con- 
sistent, thus leading to the formation of 
a more complex hypothesis which may be 
tested and then found not to hold. Under 
a strict associative interpretation a simi- 
lar argument holds ; the response-response 
association is occasionally consistent for 
a few pairs thus leading to some strength- 
ening which in turn further interferes 
with second-list learning. Considering 
these arguments it might be predicted 
that a control group in which Ss learned 
20 responses in OL, if learning factors 
could be held constant, might do better on 
List 2 learning than the present interfer- 
ence group since consistent response-re- 
sponse associations could not occur al- 
though both are interference conditions. 
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RANGE OF ASSOCIATION LEVEL (AL) AND OBSERVIN( 


RESPONSE (OR) EFFECTS IN POSTSHIFT 
CONCEPT ATTAINMENT? 


ROY LACHMAN 
State University of New York at Buffalo 


Effects of 5 variables on postshift learning were examined in a 3 X 3 X 
2X2X2 design (N —432). Variables were (a) AL between names 
of correct pre- and postshift cues: high, medium, and low association ; 
(b) location OR level: 3 probability levels of looking in the most 
likely location; (c) preshift acquisition criterion: 10 and 30 trials ; (d) 
presolution truncation of preshift training: 16 and 64 trials; (e) rele- 
vant postshift stimulus dimension: color and alphabetic letter. Stimu- 
lus dimensions interacted significantly with every other variable, alone 
or in combination, indicating the limited generality of demonstrated 
relationships between any single variable and postshift learning. Re- 
sults also suggest that general superiority of an intradimensional shift 
described in the literature may be due to AL and location OR effects. 
To wit, the AL between successive correct cues is high in an intradi- 
mensional and low in an extradimensional shift. The spatial location 
of correct pre- and postshift cues, a highly effective but noncriterial 
attribute, is constant in intradimensional and varies in extradimensional 
shifts. A word-association interpretation of the data was explored. 


Acquisition following an intradimen- 
sional shift consistently requires fewer 
trials than learning following an extra- 
dimensional shift. Several OR and 
verbal mediation models have been 
formulated to account for this phe- 
nomenon. House and Zeaman (1962), 
€g., interpret the shift effect in terms 
of selective acquisition of an OR to the 
relevant cue dimension. The values of 
à given dimension, however, typically 
occur at a fixed location in the stimuli. 

uently, Lachman, Meehan, and 
Bradley (1965) postulated a location 
OR. According to this formulation, S 
is reinforced, consistently and selec- 
tively, for looking at a given location 
in a stimulus, Positive transfer is pre- 
dicted for an intradimensional shift be- 
cause the two successively correct cues 
occur at the same relative location in 

1 Supported by a t i 
Science Foundation, The ala tional 
Ann Stabins and John Meehan in collecting 
data is gratefully acknowledged. 
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the stimulus complex. In an extrad 
mensional shift, the relevant preshi 
and postshift cues occur at different It 
cations. The initial location OR mu 
extinguish ; the result is negative tran 
fer. 

A verbal mediation hypothesis is m 
necessarily incompatible with an OJ 
interpretation, Kendler and Kendle 
(1962) suggest that a verbal medi 
tor is acquired during initial learnin 
Since the mediator is unchanged in § 
intradimensional shift, positive tran! 
fer is generated over and above aH) 
OR effects. In a related formula jon 
Lachman and Sanders (1963) inter 
pret the shift phenomenon as due f 
differences in degree of word associa 
tion between verbal labels for the sue 
cessively correct cues. 1 

The influence of location OR strengt 
and stimuli AL was investigated und 
a variety of training conditions in Ul 
present experiment. Letters of the 


OBSERVING RESPONSE AND CONCEPT ATTAINMENT 
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Typical stimulus configuration: letters and color were relevant dimensions ; 


the frequency of each letter was irrelevant, 


phabet and color were the relevant di- 
mensions. 


METHOD 


Design.—A 3X3X2X2X2 factorial de- 
sign was employed. The factors investigated 
were AL (high, medium, and low association 
level), OR strength (0%, 50%, and 100%), 
preshift acquisition criterion (10 and 30 
trials), preshift training truncation (16 and 
64 trials), and relevant stimulus dimensions 
(colors and letters). 

Subjects—The Ss were 432 introductory 
psychology students at the State University 
of New York at Buffalo. 
j| Stimuli.—The stimuli were photographed 
in sets of four on 35-mm, Kodachrome II 
color slides. Each of four simultaneously 
presented stimuli (see Fig. 1) had a colored 
border of approximate projected dimensions 
of 275 X 275 X.5 in. The center of each 
stimulus contained a colored square, 1.25 X 
125 i. Eight "Color-Vu" tints were used, 
four in the center squares and four in the 
borders for each slide. The relevant pre- 
shift colors were black and Green 169 (Color- 
Vu number), and white for postshift learning. 
The irrelevant colors were Purple 98, Red 
57, Yellow 1, Blue 146, and Brown 104. The 
area between the inner colored square and 
the outer colored border was Gray 003. 
Eight gray circles, .25 in. in diameter, were 
located equidistant around the border, and 
eight around the perimeter of the inner 
square. The relevant letters were G and K 
düring preshift, and H during postshift learn- 
ing. The irrelevant letters were E, F, I, Js 
and L. The letters were typed in the gray 
circles of the border and inner square. One 
irrelevant dimension was employed : the num- 
ber of times a given letter occurred, 1, 2, 3, 
4, 5, 6, 7, and 8. Each slide consisted of a 
horizontal array of four stimuli. A typical 


slide is presented in Fig. 1. The stimuli 
were randomly arranged with the following 
restrictions. (a) In every block of 20 trials, 
the correct cue was projected an equal num- 
ber of times (five trials) above each of the 
four response buttons. (b) The positive 
pre- and postshift cues for a given $ never 

together; each was projected above 
a different one of the four response buttons 
on each trial. (c) The positive cue was 
never projected above the same response 
button or with any other stimulus value on 
two successive trials. 

Apparatus—The apparatus consisted of 
two units, a control panel, and a display- 
response console, Stimuli were projected 
onto a 3.5 X12 in. screen. A push-button 
switch was located under each of the four 
projected stimuli, Three 1-in. diameter indi- 
cator lamps were mounted between the screen 
and the pushbuttons. The left, middle, and 
right lamps were marked, respectively, “cor- 
rect,” “new problem,” and “incorrect.” Above 
the middle lamp, a rectangular lamp was 
mounted that signaled "respond" when illumi- 
nated. The aj stimulus slides were 
selected automatically and projected at pre- 
reinforcement. follow- 


corded in binary code. At the postshift 
again recorded the 
summed data and then shut itself off. A de- 
tailed description of the apparatus is reported 


signed to one of the 72 training conditions. 
Instructions were read describing the opera- 
tion of the apparatus and the specific nature 
of the task. One set of stimuli was projected 
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and S was instructed to point to each one 
of the 24 stimulus values as it was described. 
It was emphasized that one and only one of 
the 24 cues was the correct solution, and 
that a different cue would be correct in the 
second problem. The correct pre- and post- 
shift cues were, respectively, black and white 
or G and H for the high AL condition, green 
and white or K and H for medium AL, and 
black and H or G and white for low AL. 
Degree of association between the positive 
preshift and postshift cues was determined 
by referring to normative data on associa- 
tion (Lachman & Laughery, 1965; Russell & 
Jenkins, 1954). 

The correct postshift cue was always lo- 
cated in the border. The correct preshift 
cue for OR treatment 0%, 50%, and 100% 
occurred in the border, respectively, on 0, 
50, and 100% of the preshift trials. The 
truncation treatment was programed for 16 
or 64 trials. If S had not reached criterion, 
by the assigned truncation trial for preshift 
learning, the machine “locked” and signaled 
E. The preshift solution then was read to 
S; a release button was pressed, and the ma- 
chine continued preshift training. During 
postshift training, the machine terminated the 
experiment on Trial 64 if criterion had not 
been previously achieved, Criterion treat- 
ments were programed for 10 or 30 trials 
during preshift training, and 10 trials for all 
Ss on postshift learning. 

The apparatus was Programed to process 
a response as soon as the stimulus Was pro- 
jected. If S' did not respond in the follow- 
ing 24 sec, the "respond" lamp was illumi- 
nated. After an additional interval of 4 sec., 
the apparatus advance to the intertrial inter- 
val of 4-sec. duration, The “correct” or “in- 
correct” lamp was illuminated for 1 sec. fol- 
lowing a response; the intertrial interval was 
timed from the onset of the reinforcement 


shift learning rate and tends to reduce error 
variance, 


REsurts 


The solution to the preshift problem 
was presented to S on Trial 16 or 64 
regardless of the number of succes- 
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sively correct responses completed up 
to that trial. An incorrect response on 
Trial 15 or 16 for Ss in the 16-trial 
truncation group is presumptive evi- 
dence of no learning. For the 16 trun- 
cation group, 114 Ss (53%) were so 
classified and assigned scores of 15 or 
16 trials to criterion. The identical 
datum for the 64 criterion group is 33 
Ss (16%) ; they were assigned scores 
of 63 or 64. An analysis of variance 
was performed on preshift trials to cri- 
terion for Ss in the 64 truncation con- 
dition. The analysis is based on the 
classification in Table 1 excluding the 
preshift truncation factor. All Fs were 
less than 2 with the exception of the 
Association X Postshift Stimulus Di- 
mension interaction which yielded F (2, 
180) = 5.70, p < 01. The significant 
interaction demonstrates that the color 
green was easier to learn than black, 
G, or K during preshift training. The 
interacting factors of association and 


TABLE 1 


ANALYSIS OF VARIANCE OF TRIALS TO CRI- 
TERION FOR PosrsHIFT LEARNING: 
MAIN EFFECTS AND SIGNIFICANT 


INTERACTIONS 
x Log (X +1) 
Source 
df F F 
Association Level 
o. E 210/223 3.06* 
serving Re- 

sponse (OR) 2 6.274% 5.37% 
Preshift Cri- 

terion (C) 1 03 02 
Preshift Trunca- 

tion (T) 1 01 +02 
Postshitt Stimu- 

a Dimension: | Lado 290008 
ALXS vies 3.29% 
CXS 1 1.90 3.04% 
OR XT xs 2  863* 345 
Error (Mean 

Square) 360 (208.50) (60,70) 
ariance 

={(Means)  |Y17.7—45.9 | V - —02M 4-19 
Slope (in 

Degrees) 86.8 (214 
7 (Variance, b 

leans) .80 =0! 
* p «.05, peg 
»* b <.01 


OBSERVING RESPONSE AND CONCEPT ATTAINMENT 


TABLE 2 


MEAN TRIALS TO CRITERION FOR FACTORS OF 
SIGNIFICANT INTERACTIONS IN Post- 
SHIFT LEARNING; CELL ENTRIES 
= ANTILOG OF MEANS OF 


Loc (X 4- 1) 
Color Letter 
a) Preshift Criterion 
X Postshift Stimulus 
Dimension 
10 trials 6.9 13.6 
30 trials 8.1 11.2 
b) Association Level 
X Postshift Stimulus 
Dimension 
high 5.8 13.1 
medium 7.9 10.7 
low 9.5 13.4 
c) Truncation X Observing 
Response X Postshift 
Stimulus Dimension 
Trial 16 
0% 7. 20.7 
50% 7.7 8.3 
100% 74 11.2 
Trial 64 
0% 9.6 13.6 
50% 7.3 10.2 
100% 6.4 13.6 


postshift stimulus dimension breaks 
down into subgroups composed of pre- 
shift colors and letters. 

Postshift training was truncated on 
Trial 64 for 19 Ss (4% of the entire 
sample), A score of 54 trials to cri- 
terion was assigned to these 5s. Analy- 
ses of variance for postshift learning 
are presented in Table 1. The analyses 
are based on trials to criterion (X) 
and on logio (X +1). The table in- 
cludes within-cell variance as a linear 
function of its mean for the raw and 
transformed scores, and the mean-vari- 
ance correlation. It is clear from these 
data that a transformation was re- 
quired and that log (X + 1) stabilizes 
the variance? A breakdown of the sig- 


*'The Computer Center of the State Uni- 
IY at Buffalo generously made available 
o the author an IBM 1620 at night. The 
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nificant interactions is presented in 
Table 2. The cell values are based on 
the antilog of mean transformed scores 
for postshift trials to criterion. Sta- 
tistical comparisons of the interaction 
means are not presented. The design 
contains 72 cells with six observations 
per cell; thus, the results will largely 
depend upon the specific multiple com- 
parison test employed. 


Discussion 


The major conclusion is that shift be- 
havior is far more complicated than previ- 
ous research suggests. Relationships be- 
tween a variety of variables and postshift 
acquisition are directly dependent upon 
the stimulus dimensions employed, A 
large number of preshift criterion trials, 
eg. facilitates postshift learning of an 
alphabetic letter but retards the acquisi- 
tion of a color (see Table 2a). Effects 
of AL likewise are contingent upon the 
nature of the positive postshift cue, The 
rate of postshift learning covaries with 
AL if the relevant postshift dimension is 
color. With terminal letter stimuli, the 
relationship appears to be nonmonotonic 
(Table 2b). However unexpected this 
outcome is, it has one noteworthy corol- 
lary. The speed of executing an intra- 
dimensional shift does not exceed that 
of an extradimensional shift for certain 
stimulus values (e.g, G to H and black 
to H). 

The specific type of relevant postshift 
stimuli also largely determines the effects 
of OR level (ie. probability of looking 
in the most likely location). There is no 
detectable effect of OR level on postshift 
learning of a color stimulus if preshift 
training is interrupted at 16 trials. Yet 
the same 16-trial truncation has a most 
pronounced effect upon the relationship 
between OR level and postshift learning 
of a letter stimulus (Table 2c). A 50% 
OR training level, in general, is most 


transformation employed was selected em- 
pirically. The author has recently been in- 
formed of a rational technique for determin- 
ing the best variance stabilizing transforma- 


tion. 
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efficient for the postshift learning of let- 
ters, In contrast, the speed of postshift 
learning of colors covaries with OR level 
if preshift training is truncated on a rela- 
tively late trial. Response latencies ob- 
served during criterion trials are consid- 
erably shorter for color stimuli than for 
letters. Whereas a given color can be 
located at a glance, finding a given let- 
ter requires considerable visual scanning. 
The 5095 OR condition, aside from elicit- 
ing observation of the appropriate loca- 
tion with a probability of .5, is the only 
OR condition that induces visual scan- 
ning. The effect of a 50% location OR 
upon postshift learning of letter stimuli 
may be due essentially to induced scan- 
ning. 

The results, although complex, may be 
brought into focus by the following as- 
sumption. Letter associations do not gen- 
erate the same empirical regularities as 
Systems of word associations. It is pos- 
sible, eg., that the relationship between 
retention of lexical units and their inter- 
item AL (Deese, 1959) may not hold for 
alphabetical stimuli, The structure of as- 
Sociative relationships among words is 
both a consequence and an antecedent of 
their meaning. Letters of the alphabet do 
not have meaning in the same sense as do 
words. It follows that an extended series 
of preshift criterion trials should gener- 
ate associative satiation for color names 
but not for letters, with degraded post- 
shift learning of colors resulting (Table 
2a). The precise covariation between AL 
and postshift acquisition of color concepts 
(Table 2b) suggests that the associa- 
tive interpretation outlined is not entirely 
fanciful (also see: Lachman, Meehan, & 
Bradley, 1965). 

Studies of postshift acquisition, typi- 
cally, utilize cues that are capable of sym- 
bolic representation by words. The data 
presented for color stimuli, therefore, 
should be related to the literature. In 
most experimental studies of concept or 
discrimination shifts, AL and location OR 
may be confounded with the independent 
variables classified as extradimensional 
and intradimensional or reversal and non- 
reversal. The results of the present ex- 
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periment suggest that the typical superi- 
ority of an intradimensional shift is di 
at least in part to the following two f; 
(a) Verbal labels or names of 
successively correct stimuli are high-level 
word associates in an intradimensioi 
shift. Among the various stimuli pres 
during postshift learning, the name of the 
correct stimulus has the highest probe 
ability of being emitted implicitly. (b) 
Cues of a given dimension are typically: 
to be found in a fixed location, During 
preshift acquisition, S learns to look at 
the specific location of the correct dimen- 
sion. Learning is facilitated following an 
intradimensional shift because S' is ale 
ready looking at the location where the 
correct cue will occur. Thus a noncri- 
terial attribute of the correct postshift 
stimulus, its spatial location, is also in- 
fluencing its acquisition. 
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INFERENCE BEHAVIOR IN MULTIPLE-CUE TASKS 
INVOLVING BOTH LINEAR AND NONLINEAR 
RELATIONS! 


DAVID A. SUMMERS anp KENNETH R. HAMMOND 
University of Colorado 


90 Ss made predictions in 2-cue tasks having the following character- 
istics: (a) one cue related in a linear manner, the other in a nonlinear 
manner to the criterion, (b) the criterion partly, but not perfectly, pre- 
dictable from either cue alone, and (c) the criterion perfectly predictable 
from both cues. Ss were studied under 3 conditions involving different 
proportions of linear and nonlinear task variance, and 3 levels of task 


information, 


Results indicate tha: 


t task properties and task informa- 


tion determine both inferential accuracy and cue dependence. 


The purpose of this experiment was 
to study multiple-cue probability 
learning in tasks involving nonlinear 
as well as linear cue-criterion relations. 
'The experiment has relevance for 
studies of concept formation as well. 

Multiple-cue probability learning.— 
Fundamental to Brunswik's (1956) 
probabilistic functionalism is the con- 
cept that the organism responds to 
and integrates the data afforded by 
probabilistic cues to a distal, or 
criterion, variable, Recent investiga- 
tions of performance in multiple-cue 
probability tasks are confirmatory; 
they have demonstrated that Ss not 
only learn to make inferences from 
multiple cues (Smedslund, 1955; Sum- 
mers, 1962; Todd & Hammond, 1965; 
Uhl, 1963), but that in such tasks Ss 
can achieve optimal cue ranking and 
approach the optimal least-squares 
prediction strategy (Peterson, Ham- 
mond, & Summers, 1965b). It is 
important to note, however, that in 


‘The research reported here was under- 
taken in the Behavior Research Laboratory, 
Institute of Behavioral Science, University 
of Colorado, and is Publication No. 55 of the 
institute, This research was supported by 
Grant (M-4977) from the National Institute 
T Mental Health. This paper has benefitted 
rom suggestions made by C. Peterson, N. J. 
Castellan, A. Miller, and L. E. Bourne, Jr. 


certain of these studies (Summers, 
1962; Uhl, 1963), the cue-criterion 
variance was completely determined 
by linear relations (R* = 1), whereas 
in others (Smedslund, 1955; Todd & 
Hammond, 1964; Peterson, Hammond, 
& Summers, 1965a, 1965b), the cue- 
criterion variance was not com- 
pletely determined (R? < 1); the re- 
sidual variance in the latter studies 
being attributable to random error. 

The empirical investigation of Ss’ 
performance in tasks in which the 
residual variance (1 — AR?) is at- 
tributable to systematic nonlinear 
(rather than random) cue-criterion 
relations has not yet been carried out, 
although there have been descriptive 
studies (Hammond, Hursch, & Todd, 
1964; Hoffman, 1960) as well as 
methodological ones (Hammond & 
Summers, 1965; Hursch, Hammond, 
& Hursch, 1964). The present study 
is concerned with the experimental 
analysis of (a) Ss’ inductive achieve- 
ment and (b) Ss’ cue dependence in 
tasks where the residual variance 
(1— R) is systematic. rather than 
random. "Therefore, both linear and 
nonlinear cue utilization are necessary 
if S is to achieve perfect inferential 
accuracy. 

The effects of task properties (linear 
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vs. nonlinear task variance) upon 
inductive achievement and cue de- 
pendence have yet to be investigated. 
Formal analysis (Hursch et al., 1964) 
indicates that tasks which contain 
both linear and systematic nonlinear 
cue-criterion relations permit varying 
degrees of inferential accuracy through 
the utilization of (or dependence 
upon) either or both relations. If S 
utilizes both task relations, and if all 
criterion variance is accounted for by 
systematic linear and nonlinear cue- 
criterion relations, then S can achieve 
perfect predictive accuracy. If S's 
predictions are determined by de- 
pendence upon only linear task rela- 
tions, the accuracy correlation (i.e., 
the correlation between S's responses 
and the criterion values) can be as 
large as the task multiple R; the 
accuracy correlation yielded by de- 
pendence upon only nonlinear task 
relations can be as large as V1 — R, 
Thus, if task linearity is high (R? 
approaches unity), optimal depend- 
ence upon only linear task relations 
will result in a high, though less than 
perfect, accuracy correlation, Con- 
versely, if task linearity is low (Re 
approaches zero), optimal dependence 
upon only nonlinear task relations 
will likewise result in a high, though 
less than perfect, accuracy correlation. 
A task defined by equal portions of 
linear and nonlinear criterion variance 
requires utilization of both for high 
accuracy; dependence upon either 
linear or nonlinear relations alone 
provides a maximum accuracy corre- 
lation of only .71 in this situation. 
(See Hursch et al., 1964, for a mathe- 
matical analysis of the limits of 
achievement under various task con- 
ditions.) 

While formal analyses indicate the 
importance of task Properties, em- 
pirical studies have shown the rele- 
vance of task instructions to S's per- 
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formance in multiple-cue tasks, "Thus, 
Peterson et al., (1965b) report that 
when Ss were instructed that the 
task was linear and cue validities were 
stationary, S's accuracy reached as- 
ymptote within 100 trials; in addition, 
if Ss are instructed that random error 
prevents perfect prediction, Ss ap- 
proximate the optimal linear “maxi- 
mizing” strategy, Similarly, when Ss 
received feedback about task proper- 
ties (Todd and Hammond, 1965), 
performance exceeded that observed 
under conditions of traditional out- 
come feedback. Using a single task 
involving both linear and nonlinear 
relations, Hammond & Summers 
(1965) found that when Ss were in- 
structed that linear and nonlinear 
relations were present, and were 
further instructed which cue was 
associated with each relation, achieve- 
ment exceeded that observed for Ss 
who were provided less information. 
Moreover, both cues were utilized 
only under maximum information 
conditions; other conditions produced 
mainly single, linear cue dependence. 
It remains to be shown, however, that 
instructions relevant to task proper- 
ties are uniformly effective over dif- 
ferent conditions of linear and non- 
linear task variance. 

Concept — formation.—There are 
Strong similarities between the task 
presented to Ss in this experiment and 
tasks used in the traditional concept- 
formation (or concept-identification) 
situation. In both, .Ss are presented 
with a series of multidimensional 
stimulus patterns, each of which 
requires some inferential or predic- 
tive response indicating its value (or 
category), and from which S must 
infer a general rule or principle for 
responding. ^ Concept-identification 
studies have focused on the effect of 
number of relevant cues (Walker & 
Bourne, 1961), memory load (Bourne 
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Goldstein, & Link, 1964), etc., but 
aside from ‘‘mis-information” studies 
(Bourne, 1963; Pishkin, 1960) they 
have been restricted to tasks in which 
the correlation between cue and 
criterion is zero for irrelevant cues 
and 1.00 for relevant cue(s). In the 
effort to meet Brunswik’s criticism 
that the confinement of task proper- 
ties to these conditions restricts the 
inductive generality of the findings, 
the present study includes both in- 
determinate and determinate proper- 
ties. Thus, the relation between 
each cue and the criterion variable 
is less than perfect (as in the multiple- 
cue probability paradigm), but when 
the cues are combined according to the 
appropriate rule the relation between 
both cues and the criterion is perfect 
(as in the concept-formation para- 
digm). 4 

The present study is thus concerned 
with the effects of different levels of 
linear and nonlinear task variance 
and different task instructions upon 
(a) S's inductive achievement, and 
(b) S’s cue dependence in a task which 
requires the utilization of both linear 
and nonlinear cue-criterion relations 
if perfect accuracy is to be achieved. 


METHOD 


Design and subjects.—The Ss were studied 
under three conditions of task linearity (high, 
moderate, and low) and three conditions of 
task instructions with repeated measurements 
over five blocks of trials, yielding a 3 X 3 X 5 
factorial design. Ninety University of Colo- 
rado undergraduates were assigned randomly 
to the experimental conditions. 

Task conditions.—All tasks were con- 
Structed so that the following conditions would 
hold: Cond. 1. One cue (X;) related to the 
criterion ( Y) in a linear manner; the other cue 
(X) related to the criterion (Y) in a non- 
linear manner. Cond. 2. The criterion 
partly, but not perfectly, predictable from 
either cue alone. Cond. 3. The criterion 
perfectly predictable from correct utilization 
of both cues. 

Differing levels of linear and nonlinear task 
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variance were generated by specifying that 
cue values should be the whole numbers 1 
through 10, and by combining each of the 
possible 100 X;, X: cue values according to 
the following rules? : 


Y = 3(2X, + sine X2) 
Y = (Xi + sine X;) 
Y = į (Xi + 2sine X:) 


where “sine X+” indicates an approximation 
of one half of a sine curve. According to this 
approximation, the transformation rule for 
sine X requires that S substitute the values 2, 
4, 6, 8, 10, 9, 7, 5, 3, and 1 for the stimulus X 
values of 1 through 10. This procedure 
results in cue intercorrelations of zero, a 
criterion range of 2-20, and the following 
task linearity (R?) values for each equation: 
(a) .80 (high linearity), (b) .51 (moderate 
linearity), and (c) .22 (low linearity). The 
residual variance (1 — R?) in each condition 
is entirely accounted for by the nonlinear 
relationship between X; and the criterion 
(Y). Each 100-item task was divided into 
five blocks of 20 trials in such a way that 
cue-criterion correlations remained approxi- 
mately constant (within 4-.06) over blocks. 
Instructions.—Instruction conditions were 
generated according to the amount of infor- 
mation conveyed regarding the sources of 
criterion variance. The Ss in Cond, 1 were 
instructed only that X; and X; determined 
the criterion values; Ss were told also the 
range of the criterion values, In addition 
to the information provided Ss in Cond, 1, 
Ss in Cond, 2 were provided illustrations of 
prediction from both linear and nonlinear 
(sine) relations; Ss were instructed that both 
types of prediction were necessary for perfect 
accuracy in this task. In addition, Ss in 
Cond. 3 were told which cue was linear and 
which'cue was nonlinear, The Ss in all condi- 
tions were told that perfect prediction was 


possible. 


1 Two of the equations were weighted by 1 
in order that criterion ( Y) values be identical 
over all conditions. This additional weighting 
will not be reflected in Ss’ performance be- 
cause the measure of achievement (ro) is a 
correlation measure, and is therefore not 
affected by systematic over- or underestima- 
tion of the criterion. 

3 Because cue values and transformation 
values are restricted to whole numbers, the 
correlation between X» and Y is not exactly 
zero; however, this correlation contributes 
no more than .03 to the task R? for any given 
block of trials. 
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The instructions are placed in better per- 
spective if related to studies of concept identi- 
fication or rule learning (Haygood & Bourne, 
1965) in which S’s task is to discover the rule 
which correctly embodies the relations be- 
tween attributes. Thus, Cond. 1 identifies 
attributes and asks S to find the rule; Cond. 
2 includes 1 and also describes the functional 
relations (linear and nonlinear sine function) 
which exist between attributes and criterion; 
Cond. 3 includes 1 and 2 and also specifies 
which functional relation exists between each 
attribute and criterion. 

Response measures.—The accuracy of each 
S's performance is measured by ra, the cor- 
relation between .S's judgments and the 
criterion (Y) values. The S's dependence 
upon the linear cue is measured by the cor- 
relation between S’s judgments and the X, 
cue values; S's dependence upon the non- 
linear cue is measured by the correlation 
between S's judgments and the sine X values, 

Apparatus.—Cues were presented on 34 

X 6 in. cards and consisted of 2 vertical bars 
marked off in 10 equal units; cue values were 
indicated by the number of bar units blacked 
in. In all conditions, cues (linear vs. non- 
linear) were counterbalanced with regard to 
position on the stimulus cards, A total of 
100 stimulus cards was employed in the task. 

Procedure.—On each of 100 trials, S (a) 
observed the stimulus cue values on a single 
card, (b) predicted the criterion, and (c) 
Observed the correct criterion value on the 

reverse of the stimulus card. Prior to the 

os each S read instructions as described 
earlier. 


RESULTS 


Correlations between Ss’ judgments 
and (a). criterion values, and (b) X;, 
sine X» cue values were transformed 
into Fisher's Z coefficients. Accuracy 
correlations were analyzed according 
to a 3 X 3 factorial analysis of vari- 
ance with repeated measurements 
over five blocks of trials; cue-de- 
pendence correlations were analyzed 
according toa 3 X 3 factorial analysis 
of variance with repeated measure- 
ments over two types of cue de- 
pendencies (linear vs. nonlinear), 

Accuracy correlation (ra).—Analysis 
of variance revealed that fa varied 
significantly according to Tasks, F 
(2, 81) = 6.24, p < -01; Instructions, 
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F (2,°81) = 


Blocks of Trials, F (4, 324) = 25 
The Tasks X Blocks 


p < .001. 
teraction was 
324) =2.42, p 


parisons revealed that for the 


block of trials 


moderate and high linearity 


conditions p 


better than did Ss in the low linea: 


task conditio: 
t = 2.16, p< 


ence between moderate and h 
linearity task conditions was no 
As expected, Ss in im 
struction Cond. 3 were more accurate 
than Ss in both Cond. 2 (t = 4,20, 
P «.01) and Cond. 1 s 
P < .001); mean ra’s for Cond. 2 and 1 


significant. 


likewise differ 


tion (¢ = 2.05, 


X Tasks inte 
although .Ss 
proved signifi 


in the moderate linearity task con- 
dition showed greater improvement 
from Block I to Block V than did Ss 
in both high linearity (t= 3.22 
p < .01) and low linearity (t = 
b < .01) task conditions. 


Mean accu 


plotted over blocks of trials in Fig. 1. 


Note that the 


demonstrate that some Ss utilized 
both the linear and nonlinear cues, 


Mean Accuracy 


Zs) For BLock V Accorpinc TO TASKS 


34.82, p < .001; 

also significant, F (8 
<.05. Individual com: 
(see Table 1), Ss in bot] 
significant] 


erformed 


n (t = 3.03, p< 0l 
.05), while the differs 


C= 
in the expected direc? 
p «.05) The Bloc i 
raction indicates that 


in all conditions ime 
cantly over trials, 


3.528 
racy correlations are 


data in Fig. 1 clearly” 


TABLE 1 
CORRELATIONS (IN FISHER 


AND INSTRUCTIONS 
Task Linearity 
oar 
ee ' High 
Conditions Low Moderate M 
Za | SD | Z, | sD | Zr | SP 
1 .22 | .30 | .84 | .52 | .59 | 43 
2 «44 | .61 |1.18 | .93 |1.05 P 
3 1.42 | .53 |1.87 | .66 |1.58 | - 
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Fic. 1. Mean achievement correlations (rs) according to Task and 
Instruction conditions. 


In both high and low linearity condi- 
tions, any ra over .89 is possible only 
thro&sh utilization of both cues; in 
. the moderate linearity condition, any 
fa over .71 likewise requires depend- 
ency on both cues. 

Cue dependence.—Mean cue de- 
pendencies for the final block of trials 
are presented in Table 2. Cue de- 
pendence differs according to Tasks, 
F (2, 81) = 7.67, p < .01; Instruc- 
tions, F (2, 81) = 25.20, p < .001; 
and Cues, F (1, 81) 218.84, p<.001, 
Significant interactions are found for 


Tasks X Cues, F (2, 81) = 6.96, p 
< .001, and Tasks X Instructions 
X Cues, F (4, 81) = 3.36, p < .05. 

Individual comparisons of mean cue 
dependencies reveal that while the 
difference between moderate and high 
linearity task conditions is not sig- 
nificant, both conditions result in 
greater cue dependence than does the 
low linearity condition (t= 2.29, 
p<.05; 12241, p< .01, respec- 
tively). With regard to instructions, 
mean cue dependence for Cond. 3 is 
greater than that evidenced by both 


TABLE 2 
Mean Cur DEPENDENCIES (IN FISHER Zs) ron Brock V ACCORDING TO TASKS, 
INsrRUCTIONS, AND CUES (LINEAR VS. NONLINEAR) 
Low Moderate High 
n 5 
Condon | L Cue NL Cue L Cue NL Cue L Cue NL Cue 
z|s»|is | so | Z@ | sD | Z| Zo sD | Z | sp 
1 9 | 27 10 37 | .59 | 23 | 38 | 29 GNSS 1 5:19.- |-..18 
2 32 | ‘26 | 26 | 36 | 64 | 23 | 47 | 30 | 88 | 42 | 34 | 38 
3 | ‘si. | 27 | 93. 28 | 76 | 25 | 87 | 23 | 1.26] .47 | .45 | 34 
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Cond. 2 ((—445, p< .01) and 
Cond. 1 (t = 441, p < .01); Cond. 
1 and 2 do not differ (t = 1.2). The 
significant F due to the effect of Cues 
is attributable to the greater_overall 
dependence upon the linear (Z,=.63) 
than upon the nonlinear (Z, = .44) 
cue. The Cues X Task interaction 
indicates differential utilization of the 
linear cue according to tasks; both 
moderate and high linearity ` task 
conditions evidence greater depend- 
ence upon the linear cue than does 
the low linearity task condition (t 
= 461, p < 01; t= 4.75, p < .01), 
and dependence upon the linear cue 
is likewise greater in the high linearity 
than in the moderate linearity task 
condition (t = 2.30, p < .05). Simi- 
larly, the greatest mean absolute dif- 
ference between linear and nonlinear 
cue dependence is found in the high 

linearity condition (d; = .72); mean 

absolute differences of .26 and .38 are 

found in the moderate and low 

linearity conditions, respectively. 

(Differential cue dependence analyzed 

according to task conditions yields a 

Kruskal-Wallis H = 14.10, p < .01). 


Discussion 


The major findings of this study are 
that (a) both achievement and cue 
dependence are affected by task informa- 
tion and task Properties, and that (b) 
Ss can learn to make inferences from 
nonlinear as well as linear task relations, 

The results concerning a suggest that 
task information makes Possible the 
elimination of erroneous hypotheses con- 
cerning cue-criterion relations and irrele- 
vant cues (e.g., Sequence), thus leading 
to higher inferential achievement, The 
cue-dependency analysis shows that when 
instruction content is most relevant to 
task properties, the magnitude of cue- 
related judgments is greatest, 

The finding that Ss in the low linearity 
condition were less accurate than were Ss 
in either of the other two task conditions 
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indicates that nonlinear inducti 
more difficult to learn. Further 
for this conclusion is provided 
greater dependence upon the line: 
than upon the nonlinear cue, as 
the finding that overall cue depi 
was least in the low linearity coi 

With regard to the effects of 
ditions upon differential cue uti 
in both the high and moderate 
conditions cue weightings approach 
appropriate to the task; i.e. hi 
pendence upon the linear cue in the 
linearity condition, and near-equal 
dependence on the moderate lij 
condition. In the low linearity 
tion, however, appropriate weigh 
the nonlinear cue is found only: 
conditions of maximum task infor! 

The finding b that Ss can utili: 
linear and nonlinear cues confirms € 
results and indicates that investi 
of Ss’ inference processes need not 
restricted to linear relations. On 
contrary, investigations of both multi 
cue probability learning and i 
formation should take into accoui 
capacity to attain accurate infe 
in tasks involving nonlinear as 
linear cue-criterion relations, and 
terminate as well as determinate pi 
ties. 
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Studies investigating mediated chaining (A-B, B-C, A-C) in the 
paired-associate situation have typically inferred mediated transfer on 


the basis of the speed of learnin; 
present experiment demonstrates 


g the 3rd stage (A-C) pairs. The 
very substantial transfer in such a 


situation in terms of the responses made on the 1st presentation of the 
test (A) stimuli. It is argued that the results are interpretable in 
terms of a mediation analysis, but not in terms of the Mandler and 
Earhard (1964) hypothesis that observed transfer is due to a reduction 


of 3rd-stage interference. 


A pair of verbal items, A-C, is easier 
to learn if the pairs A-B and B-C have 
previously been learned than if the 
prior learning consisted of the pairs 
A-B and D-C (Horton & Kjelder- 
gaard, 1961). A mediation analysis 
hypothesizes that, in the A-B, B-C, 
A-C series, when the stimulus A is 
presented in the third stage it has a 
tendency to elicit B as an implicit re- 
Sponse, and that the stimulus conse- 
quences of B in turn tend to elicit the 
correct response, C. In the A-B, D-C, 
A-C (control) series, this is not the 
case, since the correct C term has not 
previously been learned as a response 
to the implicitly occurring B term. The 
preexisting A-(B)-C connection in the 
experimental series should facilitate the 
third-stage A-C acquisition, relative to 
the third-stage acquisition in the con- 
trol series, 

Mandler and Earhard (1964) have 
proposed an alternative analysis of 
"mediated" transfer, They deny that 
B mediates the A-C connection, and 
suggest simply that third-stage inter- 


1 The author would like to express his ap- 
preciation to Joyce Weil for collecting the 
data reported here. He is also indebted to 
L. B. Soens, Principal of Regina High 
School, Iowa City, for making Ss and ex- 
perimental space available. 


ference is less for experimental than 
for control series. It is hypothesized 
that, when the A-B association is 
learned, B-A strength is also acquired, 
When the second stage of an experi- 
mental series is then learned, there will 
be interference between B-A and B-C, 
with consequent unlearning of B-A 
and, presumably, of A-B. Such A-B 
unlearning will not take place in A-B, 
D-C, A-C series, since the first- and 
second-stage pairs are unrelated. In 
the third stage, the A-B association will 
interfere with the acquisition of A-C 
Tf a stronger A-B association will in- 
terfere more with subsequent A-C ac- 
quisition than will a weaker A-B asso- 
ciation, there should be more third- 
stage interference for control series 
than for experimental series. 

Mandler and Earhard (1964) pre- 
sented some evidence to support this 
analysis. They showed that, if media- 
tion were prevented by replacing the 
C terms by unrelated E terms in the 
second stage, keeping all other terms 
the same, the third-stage acquisition 
(in terms of trials to a criterion) iS 
faster in their experimental series 
(A-B, B-E, A-C) than in their con- 
trol series (A-B, D-E, A-C). 

Jenkins (1965) has argued that the 
Mandler and Earhard hypothesis does 
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not furnish a satisfactory explanation 
of all the phenomena which have been 
taken to support mediated chaining. 
Schulz, Weaver, and Ginsberg (1965) 
have presented evidence for transfer in 
a chaining paradigm beyond that pos- 
sible through the reduction of interfer- 
ence. The present paper presents fur- 
ther data which support the mediation 
hypothesis in the simple chaining situa- 
tion under discussion, but which are 
not explicable in terms of the Mandler 
and Earhard reduction of interference 
hypothesis. It will be noticed that the 
mediation hypothesis predicts better 
performance on the very first presenta- 
tion of the A stimuli of A-C pairs for 
A-B, B-C, A-C experimental series 
than for control series. In experimen- 
tal series, A should have an initial 
tendency to elicit the appropriate C, 
through the implicit mediation of B. 
No such initial tendency would be ex- 
pected in control series, Assuming no 
response omissions or intrusions upon 
the presentation of the A stimuli, and 
ignoring possible artifactual biases to- 
ward or away from giving the correct 
responses, the C terms should be given 
correctly as responses to the A terms 
at an essentially chance level in control 
series, and at a better than chance level 
in experimental series. 

Mandler and Earhard’s explanation 
of the observed facilitation of learning 
A-C relies not on an initial tendency 
for A to elicit C in experimental series, 
but on differences in the degree to 
which the to-be-acquired associations 
are interfered with. Under the as- 
Sumptions of response availability and 
absence of artifactual biases, perform- 
ance should be the same in experimen- 
tal and control series, and should not 
exceed chance in either. 

An examination of the studies in- 
tended to demonstrate mediated trans- 
fer lends credibility to the assertion 


759 


that the effects of mediation should ap- 
pear early in the learning of the third 
stage. However, no available study, 
with the exception of Peters (1935), 
whose results are equivocal, has dem- 
onstrated mediated transfer on the first 
presentation of the third-stage stimuli 
in the paired-associate situation. The 
present study was designed to provide 
such a demonstration, using a group 
verbal-learning technique previously 
used to demonstrate generalization be- 
tween pairs of word associates (Clif- 
ton, 1966). 


Mernop 


Materials.—List 1 (corresponding to the 
first stage of a series) was a six-item paired- 
associate list, composed of low-frequency 
words randomly selected from those used 
by Horton and Kjeldergaard (1961). Two 
forms of List 1 were constructed: A-B1 and 
A-B2. The lists differed only in the response 
terms; Bl and B2 refer simply to different 
unrelated response words. 

List 1 was to be learned using a study-test 
technique. Eight randomizations of the list 
were constructed. The items in four of 
the randomizations were the stimulus terms 
alone, while the items in the other four ran- 
domizations were the stimulus-response pairs, 
A filmstrip was made of these eight randomi- 
zations, with study (stimulus + response) 
randomizations alternating with test (stimu- 
lus alone) tions. 

List 2 (corresponding to the second and 
third stages) was also a six-item paired- 
associate list, with B1 or B2 epp as Men 
and the digits 1-6 as responses. Two forms 
of ii eet BI-C and B2-C. The 
A terms were interspersed in the later trials 
of the B-C list as the test for initial transfer, 
as described below. 

List 2 was to be learned using an anticipa- 
tion method. The list was randomized in 
blocks of 18, rather than 6, pairs, so that Ss 
could not increase their probability of re- 
sponding correctly by eliminating from con- 
sideration those responses which had already 
been used within the block. Each pair oc- 
curred three times in each block, in a ran- 
dom order, Each occurrence of a pair con- 
sisted of a stimulus-alone (anticipation) item 
followed by a stimulus + response (confirma- 
tion) item. Five blocks of pairs were con- 
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structed. On the final block, one randomly 
selected occurrence of each Bl stimulus in 
Form B1-C (each B2 stimulus in Form B2- 
C) was replaced by the A term with which 
it had been paired in the corresponding List 
1 form, An A term replaced the selected B 
term both on the anticipation item and on 
the following confirmation item. Each A 
term thus occurred once on the final block 
of List 2. When an A term replaced a B 
term, the C response was omitted on the 
confirmation item and replaced with a dash. 
Thus, no indication of the correct digit re- 
sponse for the A test terms was ever given. 
To accustom Ss to this procedure, the re- 
sponse for each B1-C (B2-C) pair was 
omitted once on each of Blocks 3 and 4. A 
filmstrip was made of each List 2 form. 

Procedure—Four groups of Ss were used. 
Two groups received Form A-B1 of List 1, 
and two received Form A-B2. One of each 
of these pairs of groups received Form B1-C 
of List 2, and the other received Form B2-C. 
Two groups (A-Bl, B1-C and A-B2, B2-C; 
designated El and E2, respectively) thus 
received experimental series of pairs. The 
other two groups (A-B2, B1-C and A-Bl, 
B2-C; designated C1 and C2, respectively) 
received control series. "The groups were run 
in the order E1, C2, C1, E2. 

All Ss in one group were run simultane- 
ously in a high school classroom. The Ss 
were told that they were to learn a list of 
pairs of uncommon English words which 
would be presented on a projection screen, 
and instructed in the study-test procedure. 
They were then given 20 trials on the List 1 
form assigned their group, where one trial 
consisted of the presentation of one study 
randomization and one test randomization. 
Pilot studies had indicated that 20 trials 
would be sufficient to provide a good deal of 
overlearning for most Ss. On the study 
randomizations, each pair was presented for 
4 sec, and, on the test randomization, each 
stimulus was presented for 6 sec. The word 

study" was projected for 4 sec, immedi- 


randomization, 
write the responses that they thought were 


correct on the first page of a recordi book- 
let during the test trials but to nd re- 


the correct response, 
let had lines on which the responses were to 
be written, but were otherwise blank with 
the exception of some brief instructions for 
their use. 
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After the twentieth trial, Ss were allowed 
to rest for approximately 2} min. while List 
2 was put in the projector, and then th 
were read the instructions for List 2. The 
time to read the instructions averaged 6 min, 
The instructions described the anticipation 
procedure, and indicated that Ss were to re- 
spond with one of the digits 1-6 to each 
stimulus, even if they had not seen that 
stimulus before. It was emphasized that no 
response spaces on the recording sheet for 
List 2 were to be left blank, and that no 
responses other than the digits from 1 to 6 
were to be used. The five 18-pair blocks of 
List 2 were presented at a 6:2 rate, and Ss 
wrote their responses on the second page of 
the recording booklet during the anticipation 
intervals. After each block of pairs, a slide 
indicating where Ss should be on the record- 
ing sheet was projected for 8 sec. 

Approximately 9 min. after the completion 
of List 2, portions of both lists were pre- 
sented again as a second test. First, one 
test randomization of the List 1 form previ- 
ously learned was projected at a 6-sec. rate, 
as a test for recall. Immediately following 
this test, three List 1 trials were given, as 
before. Eighteen seconds after the comple- 
tion of the third trial, Blocks 1 and 5 of the 
List 2 form previously learned were pro- 
jected, as during the original List 2 acquisi- 
tion. The Ss wrote their responses during 
both List 1 and List 2 relearning on the third 
page of their recording booklets. 

Subjects.—A total of 85 unselected paro- 
chial high school student volunteers were 
used. Within limits imposed by the availa- 
bility of Ss, they were randomly assigned to 
the four groups (El, N —21; E2, N —20; 
C1, N —25; C2, N 220). E 

The Ss were eliminated if they failed to 
respond to all the test stimuli on List 2 wi 
digits from 1 to 6 (one S from El and two 
Ss from Cl). Additional Ss were elimi- 
nated if they failed to learn the B1-C (B2-C) 
pairs of List 2 to a satisfactory criterion. 
The criterion used was five correct responses 
to the six B stimuli on Block 4 for whi 
the response terms were deleted, that is, the 
stimuli to which S could not respond cof 
rectly by simply copying the response on thé 
confirmation slide. Two Ss were eliminat 
from El for this reason, six Ss from E2, ont 
S from Cl, and one S from C2, The b 
usable Ns were thus 19, 13, 22, and 19 sd 
Groups El, E2, Cl, and C2. It may be noted 
that Group E2 was run on a Friday after 
noon, and seemed to be less cooperative 
the remaining groups. 


RESULTS 


1 learning.—List 1 was scored 
on the basis of number of trials to a 
‘criterion of six correct responses on 
p test randomization (ie., one per- 
ct trial), assigning a score of 21 to 
s who did not learn the list. One S 
1 Group C2 was eliminated from this 
- analysis for having an illegible response 
‘sheet. The mean number of trials to 
the criterion were 6.95, 8.23, 8.27, and 
j 78 for Groups El, E2, Cl, and C2, 
tively. An unweighted means 
analysis of variance (E vs. C x List 1 
Form) was performed on the trials to 
criterion scores (Winer, 1962, pp. 222- 
224). No significant main effect or 
‘interaction was indicated (all Fs less 
than 1). Since 20 trials were given on 
List 1, Ss had, on the average, approxi- 
mately 150% overlearning. 
- Performance on test stimuli.—The 
mean number of correct responses to 
‘the six A stimuli interspersed during 
t final block of List 2 is presented in 
- Table 1. The maximum possible num- 
_ ber correct was six, while the a priori 
Chance value was one correct. The 
Square root was taken of the number 
of correct responses made by each S 
to the A stimuli, to correct for apparent 
Unequal variance. A Conditions (E vs. 
C) X List 2 Form analysis of variance 
ighted means) was performed. 
significant effect of conditions was 
cated, F (1,69) — 7476, p < .001. 


TABLE 1 


_ Mean Correct RESPONSES TO THE 
P A Test STIMULI 


"1 
s 
p 


First Test 


Cond. 
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TABLE 2 


No. or Ss Maxixc 0, 1, or 2 or More 
ECT RESPONSES TO THE 
A SrIMULI 


n" 


Note,—Expected frequencies in parentheses, 


0 (10,4) | 16 (13.1 
4 (02,5) | 13 asn 
27 (8.1) | 10 (10.2; 


The main effect of List 2 form and the 
Form X Conditions interaction were 
not significant, F — 1.08 and F <1, 
respectively. An analysis of the un- 
transformed scores yielded very similar 
results, There seemed to be, then, pro- 
nounced first-trial transfer in the ex- 
perimental groups. 

The distribution of Ss in the com- 
bined E and in the combined C groups 
making zero, one, or two or more cor- 
rect responses to the A terms is pre- 
sented in Table 2; Ss making two or 
more correct responses were classed to- 
gether to obtain sufficiently large ex- 
pected frequencies in each category. 
These distributions were compared 
with the expected frequencies obtained 
using the binomial expansion with 
p 1/6. For the combined E groups, 
x2(2) = 3249, p < .01, indicating sub- 
stantially above-chance performance. 
However, for the combined C groups, 
x2) — 941, also significant at the 
.01 level. It appeared that the C 
groups performed significantly worse 
than would be expected by chance. 
The same pattern held true for both the 
individual C groups, although the chi- 
squares did not reach significance for 
the individual groups. 

Second test.—On the List 1 recall 
trial, Group El made 5.26 correct re- 
sponses, E2 made 5.84, C1 made 5.55, 
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and C2 5.05. A Conditions x List 1 
Form analysis of variance (unweighted 
means) of the number of correctly re- 
called items showed a nonsignificant ef- 
fect of List 1 form, F(1,69) = 229, 
p 7.10, and nonsignificant conditions 
main effect and Form X Conditions in- 
teraction (F < 1 in each case), 

The mean number of correct re- 
sponses to the interspersed A test items 
in the List 2 relearning is presented in 
Table 1, One additional S from Group 
El, and two from Group Cl, were 
eliminated for failing to respond with 
digits to all the A stimuli. The pat- 
tern of performance seemed to be the 
same as on the original learning, except 
that the level of performance increased 
for the E groups, A t test, performed 
on the combined data for the two E 
groups, indicated that there was a sig- 
nificant increase in correct responses 
from the first to the second presenta- 
tion, (30) = 3.33, p<.01, while a 
similar t test on the combined C groups 
indicated no significant change, ¢(38) 
= 48, p> 7. 

When the distribution of frequencies 
of Ss making the various number of 


chance, (2) = 110, 


Discussion 


The present data seem to provide strong 
support for the mediation hypothesis, 
Earhard (1964 = wn 

) explanation is inappli- 
cable. The only point at which 
sults obtained differed aded 
pected on the basis of 
analysis was the finding of 
performance on the part of the C groups 
upon the first presentation of the A test 
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stimuli. In view of the nonsignificant 
deviation from chance on the second test, 
and the nonsignificant change C 
performance from first test to second 
test, it is plausible that the below-chance 
results obtained on the first test simply 
represent a statistical error. However, 
since one is unwilling to disregard a 
statistically significant difference, it might 
be better argued that the below-chance 
performance reflects an unidentified bias 
against correct performance on the test 
items, In any case, the C groups' per- 
formance was not above chance (prob. 
ably the important condition to be met in 
the present test of the mediation analy- 
sis), and it was far below the E groups’ 
performance (the basic prediction made 
by the mediation analysis). 

It is of interest to note that nonsignifi- 
cant differences between the E and C 
groups in recall of List 1. The Mandler 
and Earhard hypothesis would seem to 
predict more forgetting for the E groups 
than for the C groups. However, the 
present data may not provide an appro- 
priate test for this prediction, because of 
the extensive List 1 overlearning. 

The increase in the E groups' perform- 
ance from the first to the second test rep- 
resents a finding of potential interest. 
However, the present data do not allow à 
determination of the reasons for this find- 
ing. Among the factors which may have 
contributed are the increased degree of 
learning of List 1 or of List 2 pairs, the 
reduced delay between List 1 and List 
2 practice, and the adaptation of Ss to 
the procedure of introducing new stimuli 
in the list. 

It seems quite safe to conclude that 
mediated generalization was demonstrated 
in the present experiment, and that 
results cannot be attributed to any reduc- 
tion of interference in the control groups 
The results do not, of course, indicate that 
the entire effect observed in experiments 
using learning measures to demonstrate 
"mediated" transfer is actually due tO 
mediated facilitation rather than to the 
reduction of interference. However 
does seem that experimental series in onn 
demonstrations should exhibit an im 

tage over control series, and that 
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p advantage should be reflected M, m^ G., & Ennii, N ipu 
in ease of learning. ation: Is chaining an artifact? — Pryc 
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ACQUISITION OF HIERARCHICAL CONTROL OVER 
THE TEMPORAL ORGANIZATION OF A SKILL: 


RICHARD W. PEW 
University of Michigan 


A 2-state relay control system in which S controls the position of a 
continually moving target with 2 response keys is employed to test the 
validity of concepts of hierarchical organization in skill development. 
As training progresses with this task Ss tend to develop strategies for 


which 


imply control of the effect of an 


ongoing sequence of responses rather than execution of each response 


iL 
if 
f 


response sequences but that achieve this 
Pig and Harter's (1899) studies 
of development of letter-word- 
Pus habits in telegraph code learn- 
provided one of the early introduc- 
tions to the concept of hierarchical or- 
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analysis reveals 2 distinctive 
open-loop mode and the modula- 
-level control of the timing of 
control in 2 different ways. 


sponse units or program steps is or 
ganized into a subroutine and an execu- 
tive program is formulated at a higher 
level to control and monitor the inte- 
gration of these subroutines into the 
overall pattern. 

However, as Miller et al. (1960) 
have pointed out, psychologists have 
traditionally studied the temporal as- 
pects of behavior either at the molecu- 
lar level where the timing of the indi- 
vidual response elements are evaluated 
or at the molar level where one ans 
lyzes the performance of integrated se 
quences of responses. Since the hy- 
pothesis of hierarchical organization 
implies a gradual shift in level of con- 
trol from individual units to int 
sequences as a result of practice, only 
a multilevel analysis of timing 
be expected to reveal the development 
of these higher-level controlling prom 
esses, 

Accordingly, a task was designed to 

the temporal dimension of 
performance by requiring S to serve at 
the active switching element in a sima- 
lated relay control system. A 
diagram of the task is shown in L 
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Fro. |. Block diagram of S's task, 
(The on-off switches indicate the response 
keys with which S controlled the position of 
the target.) 


identified by the on-off switches, When 
the left-control key was depressed, the 
target accelerated to the left. If the 
right-control key was then activated, 
the target decelerated, reversed direc- 
tion, and accelerated to the right. The 
S was required to keep the target as 
near the center of the screen as pos- 
sible for the duration of each trial, He 
could accomplish this only by rapidly 
alternating between the two keys, be- 
ing careful to control the time relations 
between key presses, The key circuitry 
was designed so that the target was 
constantly accelerating in one direction 
or the other; it could never be brought 
E for longer than an instant at a 


This "relay control" task has several 
features which make it particularly ap- 
propriate for the study of timing con- 
trol: (a) Optimum performance—that 
Which would minimize integrated ab- 
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which S chooses to respond is not ex- 
constrained, (f) The task is 
one which most Ss have had no 
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scoring in terms of accumulating area under 
the graph describing position error with re- 
spect to the center of the CRT as a function 
of time; and a statement implying that his 
performance would be judged in terms of the 
integrated absolute error he accumulated dur- 
ing each trial in comparison with the mini- 
mum obtainable. 

At the beginning of each trial E momen- 
tarily interrupted the noise in S’s earphones 
as a warning that exactly 2 sec. later the 
target would move suddenly from the center 
of the screen to its initial displacement po- 
sition at the 5-cm. marker on the right-hand 
side of the screen. Integrated-error scoring 
began with the initial displacement. The S 
was told to depress the left-hand key as soon 
after the target moved to the 5-cm. marker 
as possible. The S’s initial response started 
the target accelerating to the left, toward 
the center of the screen. It continued to ac- 
celerate to the left until the right-hand key 
was depressed. The target then began to 
decelerate and, if S made no further control 
response, would pass through zero velocity 
and then accelerate in the opposite direction 
(toward the right). If S5 pressed the left- 
hand key again before zero velocity had been 
reached, then the target would begin ac- 
celerating to the left again, The S continued 
to press the keys in alternation for the dura- 
tion of a trial which typically lasted 6.4 sec. 
attempting to maintain the target position as 
near the. center of the screen as possible by 
proper timing of alternate key presses. If 
the target overshot the edge of the CRT the 
trial was terminated, On trials which were 
completed without loss of the target, E re- 
ported the obtained integrated-absolute-error 
score to S. During the intertrial interval 
which varied from 30 sec. to 1 min, E re- 
corded data, reset the apparatus, and gave 
the warning signal for the next trial. 

„In Exp. I Ss had to be reminded occa- 
Sionally not to overlap responses by delay- 
ing the release of one key until after the 
During the pe- 


; Experiment l—Experiment I was de- 
signed to explore the acquisition and termi- 
nal performance for the task described above. 
Five values of the acceleration constant were 
used. Numbering in increasing order from 
1 to 5 they were: 7.62, 38.6, 94.5, 160, and 
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180 cm/sec?, respectively. These values of 
acceleration may be translated into visual 
angle/sec? by noting that a 1-cm. deflection 
at the viewing distance of 50 cm. corre- 
sponds to 1.06° of visual angle. This set of 
acceleration values was selected in a prelimi- 
nary experiment so that targets moving on 
a CRT with each of these accelerations would 
take roughly equal time to discriminate 
among the members of the set. 

There were two presentation sequences, 
In the Fixed condition S knew in advance 
which value of acceleration would be used 
for 10 trials in a row. The order of blocks 
of 10 trials was determined by a 5X 5 ran- 
domized Latin square of accelerations by Ss. 
Five such blocks constituted a 50-min, ex- 
perimental session. In the Random condi- 
tion acceleration values were randomized 
within each block of 10 trials so that each 
value occurred twice; S had no information 
in advance about the sequence. 

Sixteen sessions were completed in Exp. 
I, 1 per day. In the first session S worked 
with the slowest acceleration value first and 
progressed in difficulty to Value 5. Sessions 
2 and 3 were Fixed sessions as defined above 
and from then on even-numbered sessions, 
4...16, were Random sessions and odd- 
numbered ones, 3...15, were Fixed sessions. 

At the end of Session 16 the target dy- 
namics were disconnected from the keys and 
S was instructed to depress the two keys in 
alternation as rapidly as possible for the 
duration of the usual 6-sec. trial period, again 
using the index finger of each hand. Ten 
trials of rapid key pressing were adminis- 
tered to each S. ji 

Experiment II.—There was a 7-wk. time 
lapse between Exp. I and Exp. II. Session 
17 used the Fixed condition and was sched- 
uled for refamiliarization and review. Ex- 
periment II explored certain observed sys- 
tematic relations between the first two inter- 
response times and will not be considere 
further here. Sessions 18-19 were utilized 
in this experiment and it involved further 
training with slower values of acceleration. 
All five Ss participated. y 

Experiment I1I.—Three of the five Ss in 
Exp. I demonstrated a mode of responding 
Which was interpreted as indicating a form 
of continuous response modulation. Experi- 
ment III obtained data from these Ss for pe- 
tiods of time longer than the previously 
standard 6.4-sec. trials. Session 20 consist i 
of l-min. trials. In Sessions 21-23 kr 
lasted 30 sec. and in Session 24 1-min. bon 
Were used again. For this experiment Only 
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Acceleration Values 2-5 were used. Thus 
20 trials administered in four randomly or- 
dered blocks of 5 trials at each of four accel- 
erations constituted a session. 

Experiment IV.—The two other Ss (not 
used in Exp. III) had demonstrated poorer 
performance after the 16 sessions of Exp. I. 
Experiment IV attempted to distinguish be- 
tween slow learning and a lack of ability 
to reach the levels of performance achieved 
by the other three Ss. These two Ss served 
in Sessions 20-35 under the Fixed condition 
described in Exp. I. 


RESULTS 


Average performance scores.—Two 
Ss (HN, JB) were consistently poorer 
in overall performance for all values of 
acceleration and developed an organiz- 
ing strategy quite distinct from that of 
the other three Ss (RU, JG, DR). 
Figure 2 summarizes the integrated- 
absolute-error scores as a function of 
sessions of practice for the two groups 
of Ss for the five values of acceleration. 
The mean of each S’s scores on the 
trials in which he maintained target 
control was calculated and these means 
were averaged over the two and three 
Ss, respectively, to produce the curves 
shown in Fig. 2. In most cases each S 
contributed 10 scores to these means. 
With the higher values of acceleration, 
particularly early in practice, some 
trials were aborted for loss of target 
and the means are based on fewer ob- 
servations. Ina few sessions the target 
was lost on all trials at a given accel- 
eration value in a particular group and 
no data were obtained. This is indi- 
cated on the graphs by the arrows di- 
rected toward missing data points. 

The data shown in Fig. 2a and 2b 
are for the Fixed condition and were 
obtained in the odd-numbered sessions 
during Exp. I. Performance under the 
Random condition (Sessions 4, 6. . .16) 
was slightly poorer overall, but the 
shape of the learning functions was es- 
sentially the same and provide no new 


2a. Mean performance of 5s RU, JG, and 
DR during Sessions 3-17. 


INTEGRATED ABSOLUTE ERROR (VOLTS) 
2 5 


" diea. uL 
LUE AER 


2b. Mean performance of Ss JB and HN 
during Sessions 3-17. 


2c. Mean performance of Ss JB and HN 
during Sessions 20-35. 


Fic. 2. Integrated-absolute-error scores 
for each acceleration value for two groups of 
Ss as a function of daily sessions of practice. 
(Data are shown only for those sessions in 
which the Fixed condition was employed. 
The vertical bars in Fig. 2a and 2b indicate 
a 7-wk. interval between Sessions 15 and 17.) 
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information. Only the timing of the 
very first response of the sequence 
seemed to be appreciably affected by 
randomizing the order of acceleration 
values, Session 17 may be regarded 
as a recall session in which all S's par- 
ticipated. There is a distinct differ- 
ence in the mean performance of the 
two groups and each exhibits consid- 
erable forgetting. Both the rate of 
learning and the amount of forgetting 
appear to be a direct function of accel- 
eration value with this task. The the- 
oretically minimum error scores for 
Acceleration Values 1-5 are 41, 18, 
1.2, 0.88, 0.81, respectively. Thus only 
at Acceleration Value 1 did Ss ap- 
proach the theoretically minimum er- 
tor. This accounts for a crossover of 
the curves for Values 1, 2, and 3. 


3a, Performance of $ HN in Session 3 
with Acceleration Value 3, 


VALUE 2 
rs) 


3b. Performance of S RU i 
with Acceleration Value 2. fa Session 3 
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amount of additional practice they. 
finally achieved performance levels 
comparable to those of the other three 
Ss implying not that their ultimate per- 
formance was necessarily limited, but 
only that they were rather slow 
learners. 

Organization of response patterns — 
The four pairs of graphic records in 
Fig. 3 illustrate one way to analyze 
the development of temporal control 
Over response patterns. In the lower 
record of each pair the position of the 
target as a function of time during a 
trial is described. The upper record 
presents the velocity of the target dur- 
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3c. Performance of S HN in Session 34 
with Acceleration Value 3—example of open- 
loop mode. 
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ing a trial. Since S is operating a 
constant acceleration system, the pe- 
riods of linear increase or decrease in 
velocity represent the duration of op- 
eration of each key or the interresponse 
time, The changes in direction of 
velocity correspond to the points at 
which S switched between keys. 

The records in Fig. 3a and 3b were 
obtained early in training. The mean 
interresponse time is relatively long 
and effectiveness of control is rather 
poor and haphazard. These records 
are suggestive of a closed-loop mode 
of operation in which S responded, 
waited for feedback about the results of 
this response, and then initiated a new 
response intended to compensate for 
the inadequacies of the last previous 
one. 

The records of Fig. 3c and 3d illus- 
trate the two predominant modes of 
operation or strategies near the end of 
the training sessions. In both cases it 
can be seen that not only have the mean 
interresponse times been considerably 
reduced, but also that a distinct tem- 
poral patterning of responding has been 
developed which implies an organiza- 
tion of sequences of responses into 
larger units. 

In Fig. 3c it appears that S gener- 
ated a sequence of responses at a rate 
more rapid than could be controlled 
had he organized and executed each re- 
sponse as a separate unit, and that he 
continued in this mode either for some 
time period, or, more likely until the 
average error exceeded some criterion 
value, and then paused in the rapid 
sequence to make a correction before 
he returned to the high rate of respond- 
ing. This interpretation implies that S 
utilizes error feedback over a longer 
time span than with the closed-loop 
mode used early in training. He oper- 
ated “open-loop” for a period of time 
and then paused in the sequence to 
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make a discrete correction. Improve- 
ment in error score with this strategy 
was achieved by gradually extending 
the periods of time during which the 
“open-loop” behavior was maintained 
without exceeding the error criterion. 
The two poorer 5s used this strategy 
predominantly throughout the later pe- 
riods of practice. By the end of 35 
sessions they were using it quite 
effectively. 

A different kind of strategy, shown 
in Fig. 3d, was developed by the three 
Ss who improved their performance 
more rapidly. As with the open-loop 
mode, S maintained a more rapid rate 
of responding than would have been 
possible if he were monitoring every 
response on a closed-loop basis, but 
with this mode there were no pauses 
for correction. When the target drifted 
off center to the left, $ maintained the 
high rate of responding, but at the 
same time gradually increased the 
length of time the right key was active 
relative to that of the left key, so that 
over a series of responses the target was 
made to drift back toward the center. 
Ideally, as the mean target position ap- 
proached the center, S slowly decreased 
the relative time that the right key was 
active in order to bring the left-moving 
and right-moving interresponse times 
back to equal values again with the tar- 
get centered. More often, as the target 
approached the center, S was not com- 
pletely successful at reestablishing the 
equal IRTs and the target overshot the 
center and had to be corrected in the 
other direction in a similar manner. 
Thus S appeared to observe and con- 
trol the mean result being achieved by 
the ongoing sequence of responses. 

Interresponse-time — analysis, — The 
graphs of Fig. 4 are constructed from 
the same data as is shown in Fig. 3c 
and 3d and emphasize the distinctive 
modes of temporal organization devel- 
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Fic. 4. Graph of interresponse time as a 
function of elapsed time during a trial for 
two of the trials depicted in Fig. 3. (Data 
for left-key responses, indicated by circles, 
have been joined by a solid line. Data for 
right-key responses, indicated by squares, 
have been joined by a dotted line. Figure 4a 
shows performance of S HN for trial shown 
in Fig. 3c illustrating open-loop-mode behav- 
ior. Figure 4b shows performance of $ RU 
for trial shown in Fig. 3d illustrating modu- 
lation-mode behavior.) 


oped by these Ss. They plot successive 
interresponse times on an expanded 
scale as a function of elapsed time dur- 
ing a trial. All those interresponse 
times identified with the duration of 
right-key responses are joined by the 
Solid line, while those which measure 
left-key duration are joined by the 
dashed line. The open-loop strategy in 
Fig. 4a is characterized by inter- 
response times which are maintained 
roughly equal with the two hands; 
when one hand slows down the other 
one does also, thus producing the 
pauses in responding shown in Fig. 3c. 
However, with the modulation strategy 
shown in Fig. 4b, after equilibrium has 
been reached, the interresponse times 
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with the two hands are out of phase, 
When the left-moving responses are 
longer, the right-moving ones are 
shorter and vice versa. Although the 
two modes illustrated in Fig. 4 are 
quite different, they both represent 
highly integrated performance with the 
two hands. 

Table 1 illustrates a final way to 
characterize the learning that was tak- 
ing place. It shows that Ss progres- 
sively reduced their mean interresponse 
times with practice. The mean times 
achieved by the end of Session 15 may 
be compared with the mean inter- 
response times shown in the bottom 
row of the table that were obtained at 
the end of Exp. I when Ss were in- 
structed to respond as rapidly as pos- 
sible with no requirement for target 
control. These rapid rates were not 
reached when target control was neces- 
sary. 

These data, together with the data 
of Fig. 4, indicate quite clearly the na- 
ture of the learning that was taking 
place. The S, in his attempt to achieve 
improved error scores, was selectively 
reinforced for shorter and shorter in- 
terresponse times. However, the gen- 
eration of shorter interresponse times 


TABLE 1 


Eacu S’s MEAN INTERRESPONSE TIME (IRT) 
FOR RESPONSES 3-6 AT ACCELERATION 
VALUE 3 FOR BLOCKS oF SESSIONS 
AND MEAN IRT WITHOUT 
TARGET CONTROL (MseEc.) 


S 
Sessions Lomas TN bei tee 
RU | JG | DR | HN’ JB 
123 380 | 465 | 507 | 490 | 450 
57 320 | 333 | 385 | 396 468 
9,11 295 | 279 | 325 | 362 p 
13, 15 247 | 228 | 253 | 366 | 3 
Mean IRT with- 
out Target 
Control 122 | 133 | 115 | 131 | 126 
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and maintenance of target control im- 
posed conflicting demands which were 
resolved by the development of a 
higher-level strategy which made it 
possible to broaden the time span of 
target control and continue to generate 
rapid response sequences. 

There was no discrete point during 
practice at which a higher-order strat- 
egy suddenly appeared. Inspection of 
the graphic records suggests that re- 
sponse sequences which could be 
roughly categorized in terms of one of 
the strategies would appear for a brief 
period in a trial and then disappear. 
However, they occurred more fre- 
quently as training progressed. In the 
longer runs of Exp. III highly organ- 
ized responding continued to be inter- 
spersed among periods of less system- 
atic control. The Ss who used the 
modulation strategy in general were 
not able to maintain it throughout a 
30-sec. or 1-min. trial. But selected 
analyses of the type applied in Fig. 4 
indicated that modulated responding 
occurred for an accumulated time of 
about half the run in bursts ranging 
from 2 to 8 sec. in length. Similarly 
Ss who made use of the modulated 
mode occasionally reverted to the open- 
loop mode, but these occasions seemed 
to become less frequent as practice pro- 
gressed. The overall picture, then, is 
one of gradually increasing reliance on 
a higher-order strategy. 


Discussion 


_ The performance just described is en- 
tirely consistent with most authors’ con- 
ceptions of the acquisition of skill (Fitts, 
1964; Lashley, 1951; Miller et al., 1960; 
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Welford, 1958; Woodworth, 1899). The 
underlying theme of these proposals is the 
hierarchical nature of the control of 
skilled acts which develop with practice 
beginning with strict closed-loop control 
and reaching levels of highly automatized 
action with occasional “executive” moni- 
toring. In the task considered here, even 
though there were no natural units of 
organization and no instructional set was 
provided for S implying the usefulness of 
any particular organization, he imposed 
an organization of his own which resulted 
in more efficient performance. The inter- 
response-time data reveal the hierarchical 
character of the organized sequences. 

From a methodological standpoint it 
appears that the techniques of fine grain 
analysis of the temporal dimension of 
behavior that are possible with a task of 
this sort may contribute significantly to 
the understanding of the role of timing 
limitations and temporal organization in 
the development of high levels of skilled 
performance. 


REFERENCES 


Bryan, W. L., & Harter, N. Studies on the 
telegraphic language: The acquisition of a 
hierarchy of habits. Psychol. Rev., 1899, 
6, 345-375. 

Frrrs, P. M. Perceptual-motor skill learn- 
ing. In A. W. Melton (Ed.), Categories 
of human learning. New York: Academic 
Press, 1964. 

Lasuiry, K. S. The problem of serial order 
in behavior. In L. A. Jeffress (Ed.), 
Cerebral mechanisms in behavior. New 
York: Wiley, 1951. 

Mutter, G. A., GazANTER, E., & Prrsram, K. 
Plans and the structure of behavior. New 
York: Holt, 1960. ; 

WzLronp A. T. Ageing and human skill. 
Oxford: Oxford Univer. Press, 1958. 

WoopwonrH, R. S. The accuracy of volun- 
tary movement. Psychol. Monogr., 1899, 
3(2, Whole No. 13). 


(Received February 10, 1965) 


Journal of Experimental Psychology. 
1966, Val. 71, No. 5, 772-173 


SUPPLEMENTARY REPORTS 


HUMAN HEART-RATE RESPONSES DURING EXPERIMENTALLY INDUCED 
ANXIETY: EFFECTS OF INSTRUCTIONS ON ACQUISITION 1 


GEORGE E. DEANE 
State University of New York at Binghamton 


Base-level measurements of cardiac activity were made while 12 Ss 
watched the sequence of No. 1-12 appear on a memory drum. Each 
S was then told that he would sometimes receive a shock during 1 
of the numbers. Each S received 10 shocks on No. 10 during the 15 


shock-anticipation trials, 


An acceleration 


in rate during No. 1-8 


appeared on the Ist trial and gradually decreased in amplitude over 
t trials, whereas a deceleration in rate during No. 10 appeared only near 


the end of the trials. 


Studies by Deane (1961), Jenks and Deane 
(1963), and Deane (1964) have provided 
evidence that there are two opposing heart- 
rate responses during experimentally induced 
anxiety. In these studies Ss have been told 
to expect a noxious stimulus at a specific 
point in a sequence of visually presented 
numbers. Under these conditions the heart 
rate accelerated early in the sequence of 
numbers and decelerated just prior to and 
during the time the noxious stimulus was ex- 
pected. Moreover, both responses appeared 
at about maximum amplitude on the first 
trial. It was hypothesized that when S ex- 
pects to receive a noxious stimulus a state of 


xS a with its associated response of car- 
ee eleration is aroused; and, in addition, 
pects the noxious stimulus at a par- 


ticular instant in time a state of fear with its 
associated response of cardiac deceleration is 
aroused immediately prior to and during the 
time the stimulus is expected. It would be 
predicted, therefore, if Ss are told only that 
shock is to occur sometime during the series 
of numbers that the acceleration Tesponse 
should appear on the first trial as in the 
previous studies, but that the deceleration 
response should appear on later trials and 

perhaps be acquired gradually. 
Method.—The Ss were 12 male students at 
Harpur College. A Grass Model 5 polygraph 
in conjunction with a chest bellows and Grass 
Model CP1 transducer were used to record 
respiration. A Grass Model 5P4 preamplifier 
was used for EKG recording from Standard 
Lead IIL Chart speed was 25 mm/sec. 
Green and red jewel lights mounted on the 
research was supported in part by Grant MH- 


1 This h 
06590-02 from the National Institutes Heal! 
lic Health Service. ot AN Pob- 


face plate of the memory drum were con- 
trolled by Hunter timers to go on alternately 
for 1.8 sec. each to pace the inhale-exhale 
Cycle. Stimulus numbers were presented on 
the memory drum at the rate of one every 
3 sec. 

After the chest bellows and EKG leads 
were attached, 5s were given 5 min. of prac- 
tice breathing with the respiration control 
lights as in a previous study (Deane, 1964). 
After 10 base-level trials, each S was told 
that he would continue to see the series of 
No. 1-12 but that now he would sometimes 
receive a shock during presentation of one 
of the numbers, All Ss received a 3 ma. 
shock of l-sec. duration during No. 10 on 
Trials 2, 3, 5, 6, 7, 9, 10, 12, 13, and 14. On 
each of the 10 base-level trials (B1-10) and 
the 15 shock-anticipation trials (S1-15) the 
respiration control lights were turned on by 
E pe 15 to 30 sec. before the presentation 
of No. 1. 


Results and discussion.—In Fig. 1 is plotted 
the mean heart rate of all 12 Ss during the 
last 3 base-level trials (B8-10) and during 
each of the shock-anticipation trials on which 
shock was not given (S1, S4, S8, S11, and 
S15). At Point P is plotted the mean rate 
over a 10-sec. interval just preceding the on- 
set of No. 1, and at each point 1 through 12 
is plotted the mean rate of the single beat 
interval which occurred closest to the middle 
of the presentation of each of these numbers. 
Figure 1 shows that one effect of the shock 
instructions was to-accelerate the heart rate 
over the base level. The amount of accelera- 
tion was greatest on the first trial and de- 
creased as a function of trials thereafter. In ` 
addition, a cardiac deceleration during No. 10 
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Fic. 1. Mean cardiac rate during the number stimuli 
with trials as the parameter. 


while not present on the early trials appeared 
near the end of the shock-anticipation trials. 

The amplitude of the acceleration effect 
was determined by subtracting the mean 
heart rate over No. 1-8 during Trials B8-10 
from the miean rate over No. 1-8 during each 
of the Trials S1, S4, S8, S11, and S15. The 
acceleration decreased from 17.8 bpm on 
Trial S1 to 3.0 bpm' on Trial S15. An analy- 
sis of variance performed on these values 
showed significant Trial and S effects (p< 
001) with no significant interaction. 

The amplitude of the deceleration effect 
was determined by subtracting the rate dur- 
ing No. 10 from the mean rate during No. 
1-8 for each of the nonshock trials, Al- 
though the deceleration increased from .2 
bpm on Trial S1 to 6.2 bpm on Trial S15, 
an analysis of variance performed on the de- 


Journal of Experimental Psycholo; 
1966, zi 71, No. 5, 1137116 i 


celeration values did not show a significant 
Trials effect since the effect did not appear 
until near the end of the shock-anticipation 
trials. However, a ¢ test performed on Trial 
S15 values showed the deceleration to be sig- 
nificant, #(11) = 3.47, p < .01. 

The present study provides further evi- 
dence that general instructions regarding an 
impending shock tend to accelerate immedi- 
ately the heart rate and that this accelera- 
tion decreases after S has received the shock. 
In an earlier study (Deane, 1961) which em- 
ployed a weaker shock the acceleration dis- 
appeared after Ss had received 1 shock 
whereas in the present study using stronger 
shock the acceleration remained at least in 
a diminished form after Ss had received 10 
shocks. The deceleration effect, on the other 
hand, does not occur unless S knows the par- 
ticular instant in time when the shock is to 
be received. If S is told exactly when shock 
is to be received, the deceleration effect ap- 
pears immediately (Deane, 1961) but if this 
is not known several shocks must be received 
before the deceleration response becomes ap- 


parent. 
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SELECTION STRATEGIES IN CONCEPT ATTAINMENT AS A FUNCTION 
OF NUMBER OF RELEVANT PROBLEM ATTRIBUTES 


PATRICK R. LAUGHLIN * 
Northwestern University 


Selection strategies were compared for 2-attribute and 4-attribute 
concept-attainment problems. 2 types of stimulus displays were used: 
(a) form displays, consisting of geometric forms yarying in 6 attributes 
with 2 levels of each, (b) sequence displays, consisting of 6 plus and/or 
minus signs in a row. 4-attribute concepts resulted in more use of the 
focusing strategy than 2-attribute concepts, with no difference in the 
Scanning strategy, and fewer untenable hypotheses. There were no 
differences between form and sequence stimulus displays. 


The effects of memory in concept learning 
have been demonstrated in experiments by 
Hovland and Weiss (1953), Cahill and Hov- 


1 Now at Loyola University. 


land (1960), Hunt (1961), and Bourne, Gold- 
stein, and Link (1964). While these experi- 
ments have been concerned with the relation- 
ships between task variables, memory, and 
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concept learning, Bruner, Goodnow, and Aus- 
tin (1956) have related the effects of mem- 
ory to concept-learning processes by distin- 
guishing the two basic selection strategies of 
focusing and scanning. In focusing S tests 
the relevance of all the possible hypotheses 
involved in a particular attribute or attri- 
butes by choosing a card differing in one 
(conservative focusing) or more (focus gam- 
bling) attributes from a positive focus card. 
In scanning S tests specific hypotheses, either 
singly (successive scanning) or all at once 
(simultaneous scanning) or some intermedi- 
ate number. In general, focusing is a more 
successful strategy, which Bruner et al. 
(1956) interpret as due to the more difficult 
memory requirements of scanning. 

As a secondary result of an experiment on 
selection strategies, Laughlin (1965) found 
more use of the focusing strategy with three- 
attribute concepts than with two-attribute 
concepts, Although only suggestive with the 
design employed, this result may have re- 
flected the greater memory requirements of 
three-attribute concepts, which may have in- 
fluenced Ss to adopt a focusing strategy. In 
order to test this interpretation, the present 
study compared four-attribute and two-attri- 
bute concepts on six-attribute, two-value 
stimulus displays. Since, given the initial 
card, there are an equal number of 15 pos- 
sible two-attribute and 15 possible four-attri- 
bute concepts, no difference was hypothesized 
between the two types of concepts in the use 
of the scanning strategy. However, since the 
four-attribute concepts are more complex 
and similar to each other, and thus presum- 
ably more difficult to remember, greater use 
of the focusing strategy was hypothesized 
with four-attribute than with two-attribute 
concepts. Due to the greater use of focus- 
ing, fewer untenable hypotheses were hy- 
pothesized with four-attribute concepts. Fi- 
nally, it was hypothesized that greater use 
of focusing would result in fewer card 
choices to solution with four-attribute con- 
cepts, or at least in no difference between 
the two types. 

Method—A 2X2 factorial desi, was 
used with the variables: (a) ainbat of 
relevant attributes (four or two), (b) stimu- 
lus display (form or sequence). Twenty- 
four male introductory psychology students 
were randomly assigned to each of the four 
conditions. 

The problem materials were 24 28 X 44 in. 
white posterboards, each containing an 8 X 8 
array of 64 2} X 4 in. cards drawn in colored 
ink with dark outlines. The 64 cards repre- 
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sented all possible combinations of six attri- 
butes with two levels of each. 

Form displays consisted of the following 
attributes and values: (a) shape: square or 
triangle, (b) size: large or small, (c) num- 
ber: one or two, (d) color: red or green, (e) 
pattern: striped or solid, (f) borders: one or 
two. Sequence displays consisted of all com- 
binations of six plus and/or minus signs in 
a row. In order to facilitate reference to 
the six positions, each was a different color, 
so that the color name was the attribute and 
plus or minus the value of each color. The 
attributes and values were listed on a refer- 
ence card which S could use throughout the 
experiment. Six different ordered displays, 
in which the position of each card varied 
systematically in relation to the other cards, 
were used for both form and sequence stimu- 
lus displays. 

Each problem and initial focus card for 
each S were randomly selected from the to- 
tal subset of possible four-attribute or two- 
attribute concepts. All Ss had one practice 
and four test problems. 

The instructions demonstrated the mean- 
ing of conjunctive concepts, pointed out the 
attributes and values on the stimulus display, 
explained that the problems would all involve 
four (or two) relevant attributes, and em- 
phasized that they were to be solved in as 
few card choices as possible. 

Results and discussion.—The means for the 
four groups for focusing strategy, scanning 
strategy, untenable hypotheses, and number 
of card choices to solution over the four test 
problems are given in Table 1, and the re- 
sults of analyses of variance on the four vari- 
ables in Table 2. 

Focusing strategy was scored according to 
three rules: Rule 1: Each card choice had to 
obtain information on one new attribute. 
New information was obtained if the card 
choice altered only one attribute not previ- 
ously proven irrelevant (conservative focus- 
ing), or, if more than one attribute was al- 
tered (focus gambling), the instance was 
either positive or the ambiguous information 
correctly resolved on the next card by al- 
tering only one attribute. Rule 2: If a hy- 
pothesis was made it had to be tenable con- 
sidering the information available. Untenable 
hypotheses were of two types: (a) a hy- 
pothesis for a value of an attribute when the 
other value of the attribute had previously 
occurred on a positive instance, e.g. the hy- 
pothesis “red square" when a green instance 
had been positive; (b) a hypothesis for a 
value which had previously occurred on 8 
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megative instance, e.g, the hypothesis "red 
square" when an instance with a red square 
had been negative. Rule 3: The hypothesis 
— (if given) could not be a repetition of a 

previous hypothesis. Each card choice and 
accompanying hypothesis that satisfied these 

three rules was counted as an instance of 
focusing, and the total number of such in- 
stances was divided by the total number of 
card choices to give a continuous focusing 

score from .00 to 1.00. 

Four-attribute concepts resulted in more 
use of the focusing strategy than two-attri- 
—— — pute concepts at the .05 level, F(1, 92) = 5.30. 
The effects of stimulus displays or problems 
were not significant, nor were any of the in- 
teractions. 

Scanning strategy was scored by compar- 
ing each card in turn with the given prob- 
lem card. If the selected card was positive, 
all concepts differing on the given and se- 
lected cards were eliminated; if the selected 
- card was negative, all concepts identical on 

the given and selected card were eliminated. 

The total of the number of concepts thus 

eliminated plus those concepts eliminated by 

direct hypotheses was then divided by the 

total number of card choices on the problem 

in order to give the average number of con- 
- cepts eliminated per card choice. This meas- 
"ure was considered an index of scanning. 

The differences between four-attribute and 
two-attribute concepts, form and sequence 
displays, the interactions, and the effect of 
problems were all nonsignificant for the use 
of scanning strategy, all Fs <1. 

There were more untenable hypotheses 
With two-attribute concepts than with four- 
attribute concepts at the .001 level, F(1, 92) 
=26.27. Form displays resulted in more 
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TABLE 1 


MEAN FocusiNG STRATEGY, SCANNING STRATEGY, UN- 
TENABLE HYPOTHESES, AND CARD CHOICES TO 
SOLUTION OVER Four TEST PROBLEMS 


Four-Attribute | Two-Attribute 


Form | Sequence | Form | Sequence 


Focusing Strategy | 3.05| 2.86 2.57 
Somning Strategy, 14.04 | 12.98 12,51 
Miedo 2 88 50 2.04 
Card Choices to N x 
Solution 23.58| 23.00 23.79 


Note.—Maximum focusing strategy is 4.00, 


untenable hypotheses than sequence displays 
at the .01 level, F(1, 92) =7.79. The inter- 
action between number of attributes and 
stimulus display was significant at the .05 
level, F(1, 92)=4.16. Neither the effects of 
problems nor its interactions were significant. 

There were no significant differences be- 
tween four-attribute and two-attribute con- 
cepts on card choices to solution, F(1, 92) 
«1. Likewise, neither the main effects of 
stimulus display or problems nor any of the 
interactions were significant. 

Focusing strategy correlated .54 with scan- 
ning strategy, —.37 with untenable hypothe- 
ses, and —.68 with card choices to solution. 
Scanning strategy correlated —.14 with un- 
tenable hypotheses and —.70 with card choices 
to solution, Untenable hypotheses correlated 
.31 with card choices to solution. 

As hypothesized, four-attribute concepts 
resulted in more use of the focusing strategy 
than two-attribute concepts, with no differ- 
ence in the use of the scanning strategy. The 
correlation of .54 between focusing and scan- 


TABLE 2 


SCANNING STRATEGY, UNTENABLE HyPOTHESES, 
TEST PROBLEMS 
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ning, although moderate, indicates that the 
two strategies are empirically as well as 
theoretically distinguishable problem-solving 
processes rather than interchangeable meas- 
ures of a single overall efficiency of problem 
solving. This interpretation is also sup- 
ported by comparison of the correlation of 
—.37 between focusing strategy and number 
of untenable hypotheses with the nonsignifi- 
cant correlation of —.14 between scanning 
strategy and untenable hypotheses. Since 
there was no difference between four-attri- 
bute and two-attribute concepts in number of 
card choices to solution, the difference in the 
use of focusing is not an artifact of number 
of card choices. Finally, the nonsignificant 
difference in the use of focusing with form 
and sequence stimulus displays is a failure 
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to replicate the results of a previous study 
(Laughlin, 1965). 
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RIGHT-RESPONSE PREFERENCE IN PROBABILITY 
LEARNING AND REVERSAL 


MARILYN E. MILLER 
University of Wisconsin, Milwaukee 


Right-response preference during training and reversal in a 2-choice 
(right-leít) "guessing" experiment was investigated, using only 
right-handed Ss. A significant right preference was observed through- 
out the training series, but was absent on reversal. The same degree of 
preference occurred whether Ss used both right and left hands (2 
keys) or operated a lever with their right hand. There was no pref- 
erence when Ss operated a lever with their left hand, The assumption 
that right and left events are symmetrical was inappropriate for the 
initial series, but appropriate for reversal. It, therefore, seems that 


reversal affects learning parameters. 


Gerjuoy, Gerjuoy, and Mathias (1964) re- 
ported that human Ss had a strong initial 
right-response preference and a weaker, per- 
sistent preference throughout a two-choice 
probability-learning experiment. When data 
for right-positive Ss (right key most fre- 
quently reinforced) and left-positive Ss (left 
key most frequently reinforced) were com- 
bined, the terminal-response level matched 
the proportion of reinforcement. However, 
the right-positive group overmatched, while 
the left-positive group undermatched. 

The present experiment extends the in- 
vestigation of response preference by includ- 
ing a reversal series, to see if the preference 
persists; and by investigating two methods 
for making right and left responses, to see if 

A This research was supported in 
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the preference can be eliminated. Group K 
responded by using the right or left hand to 
depress a right or left key, respectively; 
Group L used the preferred hand to move a 
lever either to the right or left. 

Method—The Ss were 107 introductory 
Psychology students at the University of Wis- 
consin, Milwaukee. Individual Ss sat before 
a panel containing four rows and six columns 
of 6-w. light bulbs. The two center lights in 
the second row from the top served as signal 
lights. Centered directly above the panel 
and adjacent to one another were two addi- 
tional lights which served as the reinforcing 
lights. A lever was mounted below the 
panel; telegraph keys were mounted 143 in. 
apart on either side of the lever. 

When the signal lights were lit, Ss were 
to guess whether the right or left reinforcing 
light would follow, indicating their choice by 


appropriate lever or key press. A 6-sec. 
sequence was divided into three 2-sec. 
nts: signal lights on, reinforcing light 
intertrial interval. All Ss were given 
trials followed, without inter- 
n, by 50 reversal trials, At the end of 
session S was asked whether he was 
ht or left handed. 
ting Ex and Es designate the reinforcing 
s, the Ex light was presented on 70% of 
training trials, Es on 30%. At reversal, 
‘reinforcement ratios were reversed. Re- 
ted random schedules of reinforcement 
prepared so that the ratio of Ex and Es 
was 7:3 within each block of 10 trials. 
ferent schedule was used for each S in 
group, but all groups had the same sched- 
üles. There were 24 right-handed Ss in each 
of the four treatment groups formed by 
ating the right light as Ex for half the 
of Groups L and K, and left for 
‘remaining halves. The data for 11 left- 
handed Ss were not analyzed. 
— An A; response corresponds to an Es event, 
if E, were right, A: was a right lever or 
y The number of A; responses for 
block of 10 trials was recorded. 
| Results and discussion.—The proportions of 
"Ax responses for each block of 20 training 
trials were analyzed. There was a signifi- 
cant increase in response proportions over 
blocks of trials, F(4, 368) = 4941, p < .001, 
3 ind a significantly greater proportion of 
right than left responses, F(1, 92) = 17.90, 
001. Keys vs. lever had no effect, F 
00, therefore, the proportions for Groups 
and L were combined and are presented in 
Fig. 1. The Trials X E, Right or Left inter- 
“action was just short of significance at the 
.05 level with F (4, 368) = 2.35. 
"The proportion of Ss making a right re- 
ponse on the first trial was .683, which was 
‘Significantly higher than .500, x°(1) = 13.55, 
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p<.001. Separate calculations for Groups 
E; right and E; left were .740 and .627, re- 
spectively, which did not differ significantly 
from one another, x'(1) — 1.48. Consistent 
with the Gerjuoy et al. (1964) results, there 
appeared to be a strong initial right-response 
preference, at least for right-handed Ss. 

To evaluate the dissipation of the initial 
preference, the proportion of Ss preferring a 
right response for each block of 10 trials was 
determined. An S was defined as showing 
a right preference if more than 5 of the 10 
possible responses per block were right. On 
the first block of trials, .333 Ss in Group Ei 
right and .729 Ss in Group E. left preferred 
a right response. The difference was highly 
significant, x*(1) = 15.10, p < .001. It seems 
that the initial right preference was very 
quickly supplanted by a preference for the 
response corresponding to the less frequent 
light. This preference, often called the “gam- 
bler's fallacy," also seemed to dissipate rap- 
idly, since the proportions of Ss preferring a 
right response on the second block of trials 
were .521 and .542 for Groups Es right and 
E, left, respectively, x° < 1.00. In successive 
trial blocks, increased numbers of Ss pre- 
ferred the response corresponding to the 
more frequent light, however, Ss never made 
as many left responses when E, was left as 
they made right responses when E, was 
right. 

The mean response proportions on the last 
block of 10 trials of the training series were 
704 and .606 for E; right and E: left, re- 
spectively. Comparisons of the observed re- 
sponse proportions with the theoretical prob- 
ability yielded a 9596 confidence interval of 
660-749 for Group Ei right and .560- 
.653 for Group Ei left. The terminal re- 
sponse of Group Ei right did not differ sig- 
nificantly from .700, #(23) =.19, while that 
for Group E; left was significantly lower 
with 1(23) = 4.04, p < .001. 

The results reported thus far are con- 
sistent with those of Gerjuoy et al, ie, a 
right preference persisted throughout train- 
ing. Furthermore, the same degree of pref- 
erence was observed for both response meth- 
ods. A right key press and a right lever 
movement may both be instances of a right- 
position preference or they may be two dif- 
ferent, equally preferred response mecha- 
nisms, e.g., a preference for using the domi- 
nant hand (keys) and a backward-movement 
preference (lever). To obtain further infor- 
mation, two additional groups (Ex right and 
E, left) of 24 right-handed Ss each were run 
under the same experimental conditions as 
the experiment proper, except that all Ss 
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operated the lever with their left hand. 
There was no evidence of any response pref- 
erence, indicating either that right-handed 
Ss had no response preference when using 
their left hand or that a right-position pref- 
erence negated a backward-movement pref- 
erence. In either case, having right-handed 
Ss use their left hands to operate a lever 
may prove to be an effective way to control 
experimentally for preference when E in- 
vestigates other learning parameters. 

The response proportions for each block of 
10 trials during reversal are also shown in 
Fig. 1. The only significant effect was due 
to trials, F(4, 368) —25.65, p <.001. De- 
spite the indication of right preference just 
prior to reversal there was no evidence of 
preference on the reversal series. 

It has typically been assumed that the 
right and left events are symmetrical, i.e., 
the effect of E; upon A; is the same as the 
effect of Es upon As The assumption of 
symmetry implies that the E; right and Ei 
left groups approach the same asymptote at 
the same rate, and that response preference 
is reflected only in the initial response pro- 
portions. If the assumption is appropriate, 
the two learning curves should tend to con- 
verge during training. Since the curves did 
not converge in either the Gerjuoy et al, or 
the present experiment, the symmetry as- 
sumption is probably not appropriate. On 
the other hand, the reversal learning curves 
converged very rapidly and are, therefore, 
consistent with the assumption of symmetry. 

The question here is not so much how to 
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identify response preference with the pa- 
rameters in a stochastic model and thereby 
account for asymmetry, but rather how to 
explain the apparent change that takes place 
at or very early in reversal An explana- 
tion that the preexperimental tendency to 
make the preferred response extinguishes or 
adapts during training, accounts for the data 
only if it is further assumed that the extinc- 
tion or adaptation process is very slow dur- 
ing the initial series and very rapid during 
reversal An assumption of a subset of 
stimulus elements, all initially conditioned to 
the preferred response and all experimentally 
unconditionable, is useful for predicting over- 
matching by Group E; right and undermatch- 
ing by Group E; left. However, to explain 
the reversal-learning curves, it is necessary 
to assume that the subset of elements either 
becomes conditionable or is no longer a part 
of the effective stimulus population after re- 
versal. Whatever explanation may subse- 
quently be supported by research, it seems 
clear that the presence of a response pref- 
erence argues against the simplifying assump- 
tion of symmetry often made in the applica- 
tion of stochastic models to probability learn- 
ing. To better understand the apparent 
effect of reversal upon learning parameters, 
more extensive comparative evaluation of 
initial series with reversal series seems war- 
ranted, 
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A TEST OF UNDERWOOD'S THEORY OF DISTRIBUTED PRACTICE: 


JOHN JUNG? 
California State College, Long Beach 


Facilitation by distributed practice (DP) was not obtained under 
conditions of high response-term interference. This result disagrees 
with a prediction from Underwood’s theory and also fails to replicate 
an earlier positive 


which they became shorter 
included as an additional test of the theory but since the basic DP 


facilitation effect could not be ‘oduced i 
latter conditions may not be a Sie teat * Ee oed ; 


According to Underwood (1961), a cer- 


: tance was al ood 
tain amount of response-term interference ttached to a study (Underw: 


& Schulz, 1961) in which distributed prac- 


must be present if distributed practice is to 
facilitate rote learning. Considerable impor- 
1 Partially supported by a research grant from the 


Long Beach State College Foundation. 
2 Now at York University, Toronto, Canada, 


tice (DP) led to better performance than 
massed practice (MP) when the response 
terms were Poorly integrated bigrams but 
not with well integrated bigrams. However, 
recently (Underwood, Ekstrand, & Keppel, 


Do 


SUPPLEMENTARY REPORTS 


1964) evidence was reported which failed to 
replicate DP facilitation even with response- 
term interference present. 

In view of the theoretical importance of 
the Underwood and Schulz results, one goal 
of the present study is to attempt to replicate 
their experiment. In addition, a test will be 
made of Underwood's interaction hypothesis 
which suggests that learning on early trials 
will be poorer with DP but that on later 
trials DP will facilitate learning. However, 
these predictions assume that sufficient re- 
sponse-term interference is present in the 
first place. 

The proposed test involves a modification 
of the cumulative method (Jung, 1964) in 
which the list-to-be-learned gradually ex- 
pands in length over successive trials. For 
this study, one condition will start with a 
long intertrial interval (ITI) which will 
gradually become shortened with successive 
trials (DP-MP) and another condition (MP- 
DP) will have the reverse arrangement of 
varying ITI lengths. Given a set of condi- 
tions suitable for DP facilitation, it is pre- 
dicted that learning should be better with 
MP-DP than with DP-MP on the basis of 
Underwood’s theory. 

Method.—Twenty introductory psychology 
students were assigned in an abed order to 
each of the four experimental conditions. All 
Ss were naive to rote learning. 

The four conditions were MP (4 sec.), 
DP (30 sec.), MP-DP (4-30 sec.), and DP- 
MP (30-4 sec.). The low integration bi- 
gram list was taken from Underwood and 
Schulz (1961) to serve as the eight response 
terms; they were arbitrarily paired with the 
digits, 1-8, which were the stimulus terms. 
Four different serial orders of this paired- 
associate list were used. 

All Ss received general instructions for 
paired-associate tasks. Except for MP Ss, 
they were also told that a symbol-cancella- 
tion task would be given during the ITI; Ss 
in all conditions were informed as to the 
lengths of the ITIs for their particular con- 
dition. 

The list was presented at a 2:2-sec. rate on 
a Lafayette memory drum. The ITIs for 
MP-DP and DP-MP varied in a systematic 
manner between 4 and 30 sec., either increas- 
ing or decreasing by 2 sec. with each succes- 
sive trial. All conditions received a total of 
15 trials. 

Results and discussion—The mean number 
of correct anticipations for the four condi- 
tions on the 15 trials were as follows: MP = 
37.3; DP = 43.5; MP-DP = 43.7; DP-MP = 
424. _ A one-way analysis of variance was 
not significant, F(3, 76) «10. The differ- 
ence between MP and DP also failed to 
Teach significance, (38) = 1.23. 
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On the other hand, Underwood and Schulz 
(1961) found a significant difference between 
MP (474) and DP (62.5) with a list com- 
posed of the same bigrams. Both studies 
used naive Ss, digits 1-8 as stimuli, and 15 
training trials. Another failure to replicate 
the DP facilitation effect under very similar 
conditions was reported by Underwood et al. 
(1964), Exp. II. Thus, two separate studies 
question the reliability of DP facilitation 
even under conditions of high response-term 
interference, particularly when naive Ss are 
used. 

The failure to demonstrate a DP facilita- 
tion effect renders the comparison between 
MP-DP and DP-MP as inadequate for the 
proposed test of Underwood’s interaction hy- 
pothesis. These two conditions need to be 
compared under conditions in which a clear 
DP facilitation is found but as Underwood 
et al. (1964) conclude, no such conditions 
have yet been found which are reliable. In 
any event, it is surprising to find that such 
markedly disparate conditions as MP-DP 
and DP-MP do not lead to differences in 
mean correct anticipations. 

However, some differences between the 
conditions do exist in the intrusion data. An 
intrusion was scored as any response which 
was a correct bigram but given to a stimulus 
which that bigram was not paired with in 
the list. The mean number of intrusions on 
the 15 trials were: MP — 5.90; DP - 625; 
MP-DP —8.35; DP-MP =3.90. In general, 
intrusions were few on early trials, rising 
rapidly to a peak by the seventh trial, and 
then gradually decreasing over the remain- 
ing trials. A one-way analysis of variance 
of the intrusions was significant, F(3, 76) = 
3.81, p < .05. 

The mean number of intrusions is about 
equal for MP and DP which suggests that 
the length of the ITI does not affect the in- 
cidence of intrusions. With respect to overt 
errors, however, Underwood (1961) reported 
that most of his studies show DP to produce 
more overt errors especially during early 
trials. No data on overt errors, as opposed 
to intrusions, are available for the present 
study. 

On the other hand, MP-DP led to over 
twice as many intrusions as did DP-MP 
which had the fewest intrusions. Since most 
intrusions occurred early in training for any 
condition, the higher incidence of intrusions 
under MP-DP than DP-MP suggests that 
relatively short ITIs produce more intru- 
sions. Yet, the fact that MP and DP show 
no difference in intrusions would seem to 
contradict this implication. It is not clear 
from these findings how the length of ITI 
affects intrusions. 

It is necessary to agree with Underwood 
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et al. (1964) that “. . . the particular situa- 
tions or conditions which will produce a 
facilitation by DP in PA learning still re- 
main obscure [p. 212].” 
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RESPONSE TRANSFER AS A FUNCTION OF VERBAL ASSOCIATION 
STRENGTH: GROUP VERBAL LEARNING 


CHARLES CLIFTON, Jr. 
Institute of Child Behavior and Development, University of Iowa 


Brown, Jenkins, and Lavik's (1966) demonstration that generalization 
between pairs of words was affected by the associative strength 
between the words was replicated, using a group verbal-learning 


technique, 


Brown, Jenkins, and Lavik (1966) inves- 
tigated generalization between words as a 
function of the associative relationship be- 
tween them. Their Ss learned a word- 
trigram paired-associate list. Generalization 
to other words was tested by introducing 
new test words during the overlearning trials 
of the list, and requesting Ss to respond with 
the trigrams. The frequency with which a 
trigram C learned to a stimulus word B was 
given to a test word A proved to be a posi- 
tive function of the B-A free-association fre- 
quency, That is, in a B-A, B-C, A-C medi- 
ation paradigm (Jenkins, 1963), the amount 
of generalization was reliably influenced by 
the A-B associative strength. The present 
study may be considered a modified replica- 
tion of the Brown et al. study, using a group 
verbal-learning technique. 

Method.—Sixty-three University of Iowa 
introductory psychology students learned the 
paired-associate list described below. The 
Ss were run in three groups of approxi- 
mately equal size. One S was eliminated for 
failing to respond to every stimulus. The 
Ss were instructed to use the numbers from 
1 to 8 as responses, and to respond with one 
of these digits to every word that was pre- 
sented to them. The list was projected on 
a screen at the front of the room, and Ss 
recorded their responses on lined recording 
sheets given them. First, one presentation 
of all the pairs was given at a 2-sec. rate as 
a study trial. Then the paired-associate list 
was presented using an anticipation proce- 
dure with a 5:2 rate (rather than the 2:2 
rate used by Brown et al), with a 7-sec. 
pause after every 24 pairs. During these 


pauses, a slide indicating where Ss should 
be on the recording sheet was projected. 

The basic list Ss learned consisted of eight 
word-number pairs. Eight of the Brown et 
al nine basic words served as stimuli, and 
the digits 1-8 served as responses. The 
high-, medium-, low-, and (arbitrarily as- 
signed) zero-strength associates of these 
words, chosen by Brown et al, were used 
as test stimuli. In the Russell-Jenkins 
(1954) word-association norms for Minne- 
sota college students, the mean associative 
frequencies with which a basic word elicited 
its associates were 59.6%, 5.9%, 0.5%, and 
0.0%, for the high, medium, low, and zero 
associates, respectively. The frequency with 
which each basic word was elicited by its 
test words was not controlled. No other 
associative relationships among the words 
existed at any appreciable frequency. 

A filmstrip was made of nine blocks of the 
basic list, modified as described below. In 
every block, each of the eight pairs occurred 
twice, in a randomized order. There were 
32 frames in a block, stimulus-alone frames 
alternating with stimulus + response frames. 
In each of Blocks 6, 7, 8, and 9, eight basic 
stimuli were replaced by their test words. 
In each block, two stimuli were replaced by 
their high-strength associates, two by their 
medium, two by their low, and two by their 
zero strength (control) associates. Every 
basic stimulus was replaced by each of its 
test words once. With these restrictions, 
the selection of basic stimulus to be replaced 
and class of associates to replace it was 
random. 

In the S+R frames of those pairs whose 
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basic word was replaced by a test word, the 
R term was omitted and replaced by a dash 
to eliminate the possibility of copying down 
the correct response. To accustom Ss to 
this procedure, the response terms were de- 
leted from four S+R frames on Blocks 3 
and 4, and from eight S + R frames on Block 
5. 

A single randomization of the eight S+R 
pairs preceded the nine blocks of pairs as 
an initial study trial. 

Results—The basic list was well learned 
by the time the test words were introduced. 
On Block 5, 98496 of the responses were 
correct. 

A response to a test word was scored as 
correct if it were the digit learned to the 
basic word for which that test word was a 
replacement. Of a possible eight correct, the 
Ss gave a mean of 5.29 correct responses to 
the high-strength associates, 4.58 to the me- 
dium associates, 4.53 to the low associates, 
and 1.03 to the zero associates. These values 
differed significantly from one another, 
F(3, 183) =132.1, p<.001. A Newman- 
Keuls test indicated that more correct re- 
sponses were made to the high, medium, and 
low associates than to the control test words, 
and that more correct responses were made 
to the high associates than to the medium 
and low associates (p<.01). These latter 
did not differ significantly. 

Discussion—The basic findings of the 
Brown et al. (1966) study were confirmed. 
The only essential difference between the 
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findings was that, in the present study, fewer 
correct responses were made to both the 
medium and low associates than to the high 
associates. In the Brown et al. study, the 
medium associates fell between the high and 
low associates, not significantly different 
from either. This difference can, perhaps, 
be attributed to one or more of the follow- 
ing: (a) the larger N of the present study, 
presumably allowing a more sensitive test of 
the differences between associative strengths ; 
(b) the different S population used, with 
consequent inapplicability of the word- 
association norms; and (c) the longer antici- 
pation interval used, possibly enabling 
greater use of weak associative relationships. 
In any case, the Brown et al. conclusion that 
associatively mediated generalization is in- 
fluenced by normatively inferred associative 
strength stands, and one may conclude that 
the group verbal-learning technique described 
here is a sensitive method for measuring ver- 
bally mediated generalization, 
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ODUCED BY A PHENOMENAL 
UNIFORM CONTOUR 


WEITZMAN * 


Creedmoor Institute for Psychobiologic Studies 


In a previous paper Weitzman ( 


which was explained as a consequence 
A possible source of artifact, however, 


the structure of the experimental s 
a replication of the previously 


reported 
the stimuli are corrected to eliminate the ar 


reported a. figural aftereffect 
of a figure-ground dichotomy. 
was subsequently discovered in 
timuli. The present report describes 
experiment. In this replication 
tifactual possibility. The 


1963) 


data from 14 of the 16 Ss supported the hypothesis, It is concluded 


that it is still possible to 


maintain 


that the position of a contour ina 


phenomenal dichotomy affects the magnitude of figural aftereffect 


which that contour will produce. 


In a previous paper Weitzman (1963) de- 
scribed a paradigm in which the contour of 
a figural region produces an aftereffect of 
greater magnitude than that produced by the 
Contour of a ground region. It was main- 


1Now at New School for Social Research. 


tained that the reported findings supported 
the hypothesis; ie. that differences in mag- 
nitude of observed figural aftereffects may be 
a function of the location of inspection con- 
tours in a figure-ground dichotomy. A closer 
analysis of the experimental stimuli, how- 
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ever, reveals a possible source of artifact in 
the reported finding. 

In the previous experiment the inspection 
figures used in testing the hypothesis were 
created by vertically dividing an outline 
square into equal area halves with an outline 
profile. This profile also bisected the bottom 
contour of the square. Aftereffects were 
tested by having S horizontally align two 
dashes arranged to fall immediately below 
the retinal location of the figure and ground 
halves of the inspection contour. It was suc- 
cessfully predicted that the segments of the 
bisected bottom contour of the square would 
produce aftereffects of differing magnitudes, 
reflected in displacements from objective 
horizontal alignment of the test dashes, It 
was subsequently noted that the “neck” of 
the profile (see Weitzman, 1963, Fig. 1, p. 
197) forms an angle with the base of the 
square which is acute on the side for which a 
greater aftereffect is predicted and obtuse 
on the side for which the lesser aftereffect 
is predicted. Since Köhler and Wallach 
(1944, p. 349), postulate a more intense proc- 
ess under an acute than under an obtuse 
angle, the question is raised whether the 
finding previously reported may be explained 
by the difference in angles, without refer- 
ence to the figure-ground dichotomy. 

It was hypothesized that, with equal angles 
between the neck and base on the ground and 
figural sides, the contour of the figural re- 
gion would continue to produce an after- 
effect of greater magnitude than that pro- 
duced by the contour of the ground region. 

Method.—In order to test the hypothesis, 
Cond. A and B (profile facing left and right, 
respectively) of the previous experiment 
were repeated. The major procedural change 
was the use of stimulus figures in which the 
neck of the profile was at right angles to the 
base, In addition, the contour of the profile 
was slightly altered to maintain equality of 
area on both of its sides. Instructions re- 
lating to payment of Ss for their participa- 
tion were no money was avail- 
able, In all other respects the experiment 
was the same as its predecessor. 

, Sixteen Ss, 8 males and 8 females, rang- 
ing in age from 21 to 47 yr. volunteered their 
services for this 


Cond. A and B, 
distributed. 
Results and discussion—As in the previous 
report, the hypothesis was tested by deter- 
mining the direction of in the point 
of subjective equality (PSE) for each Ss, 
from his pre- to postsatiation judgments. 
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TABLE 1 
Summary or Ss’ JUDGMENTS 


Cond. A Cond, B 
s 
Pre Post | Diff. Pre Post | Diff. 

1 0.00 | —.12 | —.12 0.00 -25| —.25 
2 | —25| —37 | —.12 0.00 +.50| 4-50 
3 | +25 | —12 | —37 | +.62 +.37| —25 
4| T3 0.00 | —.37 | —.12 —25| —.13 
5 | —12| —.25 | —13 | +.12 —42| —.24 
6 | +.12 | —.12 | —.24 | 4.87 =.12 | —.99 
7| 450| +.25 | —.25 | —.37 | —37| 0.00 
8| —12| —.75 | —.63 0.00 | —1.10] —1.10 


Note.—Each pre- and each postscore is an average of 
four judgments. All scores are in millimeters. 
Since the movable dash was always on the 
nonfigural side, its positioning in search of 
the PSE reflected the subjective location of 
the dash below the figural side. Thus, 
"greater displacement downward" was al- 
ways taken to mean greater satiation of the 
figural side. "Greater displacement upward" 
was always taken to mean greater satiation 
on the nonfigural side. In Table 1, a score 
preceded by a “minus” sign indicates that S 
said the two dashes were horizontally aligned 
when, objectively, the movable dash of the 
test figure was lower than the stationary 
dash. A positive score indicates S judged 
the dashes to be aligned when, objectively, 
the movable dash was higher. In the com- 
puted values in Table 1, ie, "the difference 
scores,” a negative value indicates that 5's 
postsatiation PSE placed the movable dash 
lower than it had been placed by his pre- 
satiation PSE, The converse, a positive 
Score, indicates that S's postsatiation PSE 
placed the movable dash higher than it had 
been placed by his presatiation PSE. Zero 
indicates that there was no difference be- 
tween pre- and postjudgments. All scores 
given are the average of four judgments. 
Since the previous finding had revealed no 
difference between Cond. A and Cond. B, it 
was decided to pool the data of the present 
study, The probability given was deter- 
mined with the sign test (two-tailed), since 
the direction of change was the crucial issue. 
The points of subjective equality for 14 of 
the 16 Ss changed, from pre- to postsatiation 
measurements, in the direction of greater 
displacement downward. Of the remaining 
2 Ss, 1 showed greater displacement up- 
ward, and the other showed no change in his 
PSE. The probability of the finding occur- 
ring by chance is less than .05. 
Mite results indicate that satiation occurred 
a greater degree on the figural side. 
While the relevance of the angle of the neck 
in the previous paradigm is not ruled out by 
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the present finding, the conclusion that a dif- 
ference of angles is not necessary in order 
for the effect to occur seems justified. It 
remains possible, therefore, to maintain that 
the position of a contour in a phenomenal 
dichotomy affects the magnitude of figural 
aftereffect which that contour will produce. 
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1 condition of a prior experiment by the present authors (Binder, 
Wolin, & Terebinski, 1965) yielded fits far more discrepant from a 


theoretical model than other conditions. 


The deviant condition was 


753 in which the numbers refer to the probabilities of each member of 
the group, when leader, being: reinforced. Repeating the condition with 


varied reinforcement schedules for 
tween obtained and predicted resu 


different groups provided fits be- 
Its comparable to those for other 


conditions. This condition does not present unique problems for the il 


model. 


Binder, Wolin, and Terebinski (1965) 
found close fits between predictions from a 
Markov model and the results of an experi- 
ment involving leadership selection in three- 
man groups. Each member voted for a 
leader at the beginning of a trial; the trial 
terminated after the selected leader made a 
decision for the group. Obtained and pre- 
dicted results were compared for voting 


1 This research was supported by a grant from the 
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shifts, asymptotic leadership and state pro- 
portions, asymptotic voting preferences, and 
learning trends. 

Reinforcement was under experimental 
control and independent of the particular 
decision made by a leader on a trial. Five 
groups differing in reinforcement patterning 
were run. Although the theoretical and ob- 
tained learning curves for leadership selec- 
tion differed in rate during the early trials, 
the fit thereafter and over asymptotic accu- 
mulations was good for all reinforcement 
conditions except one. In the case of Cond. 


TABLE 1 
RELATIVE FREQUENCIES OF VOTE SHIFTS 


Man Designated by a Particular Member 


Decision 
Reinforced 
——— à 
Former 097 
Present 093 
— 


Does Not Become Leader 


Decision 
Not 
Reinforced 
197 
4189 
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753 (where the numbers refer to the re- 
inforcement probabilities with the decimals 
omitted), the curves remained discrepant and 
asymptotic proportions of leadership desig- 
nation and voting preference differed mark- 
edly from theoretical values. 

These disparate results were not account- 
able using the available data. The present 
experiment repeated the 753 condition with 
a slight variation to insure that the previous 
results were not an experimental artifact 
nor due to an unfortunate sequence of 
reinforcements. 

Method.—Eight groups of Ss were run 
under Reinforcement Cond. 753 as de- 
scribed in Binder et al. (1965). The only 
variant involved the sequence of random re- 
inforcements. In the earlier experiment, a 
single schedule of reinforcement was used for 
all .7 members, fixed at 14 reinforcements in 
every block of 20 trials; similar single re- 
inforcement schedules were used for all .5 
and .3 members. In the present experiment 
there were four possible reinforcement sched- 
ules for the .7 member, four for .5, and four 
for .3, all different random sequences of re- 
inforcement and nonreinforcement with pro- 
portions fixed in blocks of 20 trials. For a 
given group one of each of these reinforce- 
ment schedules was randomly selected for 
each member under the restriction that, over 
the eight groups run, there would be no more 
than one schedule in common to any two of 
the groups. 

Results and discussion—A variable of par- 
ticular interest for the Markov model is the 
number of shifts in voting preference between 
Trials n and n +1, where n=1-.599, The 


TABLE 2 
Asvurroric VOTING PROPORTIONS (Fixar 200 TRIALS) 


Obtained | Obtained 


Member | wobers| Eorna. | kesent | Predicted 
ment ment 
7!) 3 | fe 33 
13 TERE 
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2 
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Fio. 1. Learning curves of leadership selection. 


obtained values of this variable for the vari- 
ous conditions are shown in Table 1 for both 
former and present 753 groups. 

The asymptotic proportions of leadership 
status (final 200 trials) in the order .7 mem- 
ber, .5 member, .3 member are: Predicted 
from Markov model .49, .30, .21; obtained 
earlier .66, .26, .08; obtained in present ex- 
periment .52, .27, .21. Table 2 contains the 
asymptotic voting choice proportions for the 
same three sources. 

The obtained learning curves for the pres- 
ent groups as well as the theoretical curves 
are shown in Fig. 1. 

The only set of consistent failures of pre- 
diction among the earlier Ss was that in- 
volving the 753 groups. On the other hand, 
the fit between obtained and predicted results 
in the present case is convincingly close; 
the predictive accuracy is of the same order 
as the remaining groups reported earlier. 
Despite this marked improvement over the 
discrepant results found before, it should be 
noted that the shift proportions used in 
parameter determinations (Table 1) are very 
much alike for both experiments. 

Whether the earlier data resulted from an 
unfortunate sample or an idiosyncrasy of 
randomization, it is encouraging that the 
reinforcement array 753 does not present 
unusual problems for the model. 
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Simplicity, Guarantee, Dependability, Flexibility, 


Accuracy, Economy, Stability, Performability . . . 


BRS, digital logic equipment, known 
as DigiBits, has added real meaning to 
the advantages of solid state electronics. 
Researchers in psychology, toxicology, 
pharmacology and other disciplines are 
finding DigiBits can put electronics to 
work in ways never before possible. 
Parameters have been expanded, resolu- 
tions narrowed and complex experiments 
made feasible where electro-mechanical 
devices could not perform satisfactorily. 
In many fields the answers once con- 
sidered conclusive are now subject to 
reappraisal. 


_ Regardless of your research applica- 
tion, if there is a need to program, 
record and analyze data, DigiBit logic 
modules can do it better. The full ca- 


(plus a few more that don’t rhyme) 


pacity of technical achievement is here 
to serve you. The limit of its versatility 
is restricted only by your imagination 
and your experiment requirements. 


And DigiBit solid state modules mean 
long equipment life. In fact, BRS puts 
it in writing that all units are guaran- 
teed to operate for an unlimited period 
of time when used in accordance with 
published specifications. 


There's a lot more to the BRS story. 
Enough to make a thorough investiga- 
tion worthy of your serious considera- 
tion. Your questions are invited or if 
you have specific requirements let us 
know and we. will tell you exactly how 
a system can be designed to do the job. 
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ALL-OR-NONE LEARNING OF ATTRIBUTES' 


ALBERT S. BREGMAN ? ann DAVID W. CHAMBERS 


Harvard University 


Partial learning may simply involve attributes (descriptions) of the 
material being learned all-or-none. An experiment, therefore, biased 
41 college student Ss in favor of encoding visual displays in terms of 3 
experimentally defined attributes. After Ss reconstructed a group of 
such visual figures out of a fixed set of component attributes, they were 
told which attributes had been incorrectly assigned and were given a 
second guess. Where Ss had indeed encoded the figures in terms of the 
3 attributes, 2nd guesses were random. When they did not, 2nd guesses 
contained information (p=.01). The results are interpreted to mean 
that attributes are either learned all-or-none, or cross a threshold in an 
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all-or-none fashion. 


. The question of whether the gradual 
improvement seen in learning tasks is 
due to the gradual growth of associa- 
tive strength or to the acquisition of 
more and more all-or-none associations 
has been investigated by several sorts 
of experiments employing paired-asso- 
Ciate learning. Most of these experi- 
ments have tested one basic statement 
of all-or-none theories: If an item is 
incorrect on the test following the 
nth learning trial no strength has yet 
accrued to that item. Certain conse- 
quences of this statement have been 
tested: (a) Such an item has no better 
Chance of being recalled following an- 


This research was carried out at the 
Center for Cognitive Studies and was sup- 
Ported by the National Institutes of Health 
Grant No. 08083-01. 

*Now at McGill University, Montreal, 
Quebec, Canada. 


other training trial than a newly in- 
troduced item (Rock, 1957). (b) On 
a second test trial following the nth 
learning trial, the item will be correct 
only by chance (Estes, Hopkins, & 
Crothers, 1960). 

A third consequence of this state- 
ment has been tested in our laboratories 
(Bregman, 1966). If a response is 
not correct on the test trial following 
a single training trial, and S is told 
that it is wrong, and permitted a second 
guess, the second guesses should not be 
correct with a greater-than-chance fre- 
quency. In order to establish whether 
a certain proportion correct on the 
second guess is greater than chance, 
it is necessary to know the set of al- 
ternatives from which S is guessing. 
In an ordinary paired-associate task, 
this is impossible. If S gives the re- 
sponse Y when shown stimulus X, and 
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is told that this is incorrect, among 
what set will he seek a second choice? 
If E gives him four items and asks 
him to choose one, he may be able to 
discard one item, Q, because he does 
not remember seeing it in the list, and 
may be able to discard a second item, 
B, because he remembers it was part 
of the pair A-B. "Therefore he is ef- 
fectively guessing in a set of two al- 
ternatives, not four. To be sure that 
S is actually guessing among all mem- 
bers of a given set, all alternatives must 
have appeared equally often in the list, 
and furthermore S must already have 
demonstrated that he does not know 
the correct associate of any of the al- 
ternatives. These criteria are satis- 
fied by the following design. A list of 
paired associates is shown for a single 
trial. Then S is provided with a list 
of the left-hand items and a separate 
list of the right-hand items, each in a 
mixed order, and asked to pair them 
as they were originally. After he has 
paired them, E tells him which ones 
were wrong, and asks him to make a 

guess by reordering the ele- 


all-or-none. 
the "all" condition, they would have 
been right on the first guess. If the 
associations incorrect on the first guess 
were in the "none" condition, they 
would not have been correct with 
greater-than-chance frequency on the 
second guess. Therefore, the strengths 
of some of the associations were neither 
"all" nor were they “none.” What 
were they ? 

One possibility that was suggested 
was that S was not always learning an 
association between the two elements of 
the pair as such when he learned some- 
thing about the pairs. In the case of 
the pairs of words, for example, he may 
have learned that the left-hand word, 
“ewe,” went with “another three-letter 
word." That is, S learns some attri- 
bute or description of one of the words, 
rather than the word itself. There may 
be more than one three-letter word in 
the right-hand list and so S selects the 
wrong one on the first guess. On the 
second guess, he selects only from the 
remaining three-letter words and not 
Írom the entire group of responses 
that were incorrectly matched on the 
first guess, Because of this restriction 
in the size of the set from which he 
is guessing, he is likely to do better 
than chance on the second guess. 

If this explanation of the results of 
the experiments mentioned above is 
correct, it says that partial learning 
may be the learning of attributes. It 
leaves open the possibility, however, 
that whatever descriptions or attributes 
are picked up by S, are picked up in an 
all-or-none fashion. Although there 
might be all-or-none learning of attri- 
butes, partial learning can always oc- 
cur since any real event always has 
more than one attribute, Even events 
that differ on only one physical attri- 
bute, such as the four hues, red, green, 
blue, and yellow, can differ on many 
subjective attributes; for instance, one 
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might sort them into Christmas and 
non-Christmas colors, warm and cool 
colors, “my college colors” vs, others, 
etc. We can never, therefore, expect 
to find “simple” paired associates that 
will be learned in an all-or-none fash- 
ion, as measured by the technique of 
second guesses, 

The present experiment is an at- 
tempt to discover whether attributes 
or descriptions themselves are learned 
all-or-none. The technique basically 
involves prejudicing Ss so that they 
will tend to encode the to-be-remem- 
bered items in terms of a set of at- 
tributes that are known to E. Then 
one can analyze the memory for at- 
tributes rather than the memory for 
complete events or displays. Since 
we are interested in the memory for at- 
tributes rather than the memory for 
complete items, there is no need to 
use paired associates. We can simply 
have Ss memorize a single object which 
has several attributes and test whether, 
in recall, he can put the attributes to- 
gether in the same combination to form 
the original object. That is, we may 
study the associations among the at- 
tributes which form an object, and see 
whether, if S is allowed to substitute 
attributes on a second guess, he will 
do so with greater-than-chance accu- 
racy. The argument is the same as in 
the case of paired associates: If he 
can do better than chance on the sec- 
Ond guess, there was partial or in- 
cremental learning of attributes. As 
with paired associates, there can be an 
adequate assessment of chance level on 
the second guess only if a matching 
task is used, with rearrangement of 
the incorrectly matched attributes on 
the second guess. 


METHOD 


Subjects and materials —Forty-one college 
students drawn from the Harvard summer- 
school population served as paid Ss. 


Visual displays were constructed by super- 
imposing three 3-in. square sheets of 10-mil 
transparent mylar plastic. Each sheet bore 
one of the attributes of the display. There 
were two tasks. In one, Task CFB, the 
attributes were the background color, the 
shape of a central solid black figure, and the 
type of border. In Task PCL, the attributes 
were the type of small repeating pattern 
covering the 3-in. square area, the color, and 
the location of the 3-in. square on a back- 
ground display board. Each attribute had 
seven values: ie, there were seven colors, 
seven figures, seven types of border, etc. 
The colors were uniform 3X3 in. color 
squares which, when combined with the other 
attributes, appeared to lie underneath them. 
The colors used were called red, orange, 
green, blue, violet, and peach and were 
chosen for subjective discriminability and 
for the property of not forming obvious per- 
ceptual subcategories. The values on all 
dimensions were chosen with these qualifica- 
tions in mind. The central figures and the 
borders were drawn in black on separate 
sheets of plastic. The small repeating ele- 
ments of the patterns were symbols taken 
from the typewriter keyboard, such as query 
(?) and percent (%), excluding numerals 
and letters. The locations on the display 
board were seven equally spaced points on 
the perimeter of an 8-in. diameter circle. 
They were arranged so as not to fall at any 
of the four cardinal points of the compass. 

Pretraining procedure.—A. special training 
procedure was employed to bias S in favor 
of encoding the displays in terms of the three 
E-defined attributes that composed each fig- 
ure. The purpose of the procedure was to 
familiarize S with the various figures, colors, 
etc, so that when he encountered a com- 
posite figure containing these attributes, he 
would tend to encode them in terms of these 
more basic attributes, which would be treated 
as primitive features, 

Familiarization on the three attributes 
present in a task immediately preceded that 
task. He was first instructed to become 
familiar enough with the materials to feel 
confident in recognizing amy value of any 
attribute. If the CFB task was to be given 
first, he would then be given the seven fig- 
ures and allowed to examine them at leisure. 
Using an identical set of figures, E then laid 
out an arbitrary arrangement of the seven 
figures on the table and instructed S to copy 
this pattern with his own set of figures. 
After this was done,twice, the figures were 
put away and the same procedure followed 
with the borders. The colors were the only 
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attribute which E named as he gave them 
to S for familiarization. The copying task 
was omitted for the colors, Finally, to 
illustrate the main learning task, a sample 
composite of three attributes which employed 
none of the materials used in the experiment 
was shown to S. After learning and being 
tested on the CFB task, S was familiarized 
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rectly by S. The S is now left with a group 
of stacks of one, two, or three elements. 
Then $ takes a second guess. He does 
this by assembling the one-clement and two- 
element stacks into three-element stacks, 
(He can forget about the three-element 
stacks since they are all correct and com- 
plete.) He is not allowed to combine any 
two attributes that he combined incorrectly 
on the first guess; to prevent his doing so, 
he is provided with a copy of his first guess 
Which remains in view while he makes his 
second guess. If he violates this rule E 
brings it to his attention. The S is forced 
to assign all attributes to one or another 
lement composite, 
Questionnaire.—After learning and testing 
of both tasks were completed, S filled out a 
questionnaire that asked about his strategies 
of encoding the visual display, whether he 
saw two or more of the attributes on any 
dimension as similar, what mnemonics he 
used, and how confident he was on the sec- 
ond guess. His statements were used to see 
whether he did, in fact, encode the compos- 
ites in terms of the experimentally defined 
, or in terms of others which he 
imposed on the displays. The use to which 
M questionnaire was put will be described 


Resutts 


The dependent variable is stack re- 
The section on Learning and 
Testing described how the composites 
generated by S on his first guess were 
taken apart by E into stacks of cor- 
rectly associated attributes. The num- 
ber of such stacks is a good measure 
of the amount $ has remembered. The 
fewer the number of stacks, the closer 
S has come to reconstructing the origi- 
nal seven stacks. For his first test S 
was handed the 21 attributes unassoci- 
ated; ie, he was given 21 stacks. 
E scores the first guess, S may 
find that he now has 13 stacks to work 
with. Hence, the first guess has con- 
a stack reduction of eight 
Stacks. After his second guess (if the 
Same scoring procedure is employed) 
it might happen that the number of 
remaining stacks is nine. The secon 
Suess, then, has led to a stack reduc- 
tion of four stacks, 
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The all-or-none theory to be tested 
here states that the second guess should 
be random. On the first guess, S has 
had a chance to utilize all the facts that 
he knows about the original display, 
both what a given attribute was associ- 
ated with and what it was not, He 
also has a chance to make some lucky 
guesses. Those attributes that were 
"ot correctly combined on the first 
guess were not in the "all" state of 
association, and therefore they should 
be in the “none” state, and § should be 
guessing randomly on the second guess. 

Since stack reduction is chosen as 
the dependent variable, the hypothesis 
must predict that second-guess stack 
reduction will not exceed the chance 
level. This should only hold true, 
however, in cases where S utilizes the 
E-defined attributes as the primary 
ones. If he subcategorizes the colors 
into “warm” and “cool” colors, he may 
remember that "the kite-shaped figure 
went with a cool color." This memory 
may be all-or-none, but since it does 
not uniquely define the one correct as- 
sociation between experimentally de- 
fined attributes, he may be wrong on 
the first guess. By limiting his substi- 
tutions on the second guess to cool 
colors, he can be correct with greater- 
than-chance frequency. Therefore we 
must predict that, if Ss subcategorize 
within the dimensions defined by E, 
they will do better than chance on the 
second guess. 

Identification of subcategorising.— 
One of the questions on the question- 
naire asked S whether any two or three 
values on any of the dimensions struck 
him as being similar enough to have 
caused confusion when he was looking 
at the display or constructing his 
guesses, and what property it was that 
made them similar. A reported “simi- 
larity" was considered to be the sign 
indicating a subcategory. This is 
based on a theory which says that the 
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“similarity” of two inputs that are 
perceptually distinct depends on their 
being assigned a common property by 
S; ie they must be placed in a com- 
mon subcategory. If an S reported a 
subcategory, E looked to see whether 
S had actually exchanged one of the 
values in the subcategory for another 
value in the same subcategory when 
rearranging the stacks on his second 
guess, If so, his performance on that 
task was labeled "subcategorizing," 
whether or not such a substitution 
would have improved his second guess. 

Assessment of chance levels.—The 
chance distribution for stack reduction 
on the second guess depends both on 
the number and arrangement of stacks 
remaining after the first guess. 
chance distribution could not be ar- 
rived at by a general analytic solution. 
Instead, it was calculated for each S 
separately by an algorithmic enumera- 
tion of all possible rearrangements 
open to that $ on his second guess. 
In enumerating these chance frequency 
distributions it was found that as the 
number of stacks remaining after the 
first guess increased, the second-guess 
chance distributions for stack reduction 
became more and more similar. When 
the number of stacks after the first 
guess rose above 16, the distributions 
were virtually identical, and their 
means were extremely close to 3.0, the 
theoretical mean expected for the case 
where there are an infinite number of 
stacks remaining after the first guess. 
Therefore the distribution for 18 stacks 
remaining after the first guess was 
used as the chance distribution for all 
cases of 17 or more stacks left after 
the first guess. 

The above procedure yielded, for 
each S, an expected chance distribu- 
tion for stack reduction on the second 

This could be compared with 
S's actual performance, Such a com- 
parison was made by giving 5 a per- 
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centile score corresponding to the posi- 
tion of his score in the chance distribu- 
tion. That is, a percentile score of 60 
indicates that 60% of the area of the 
theoretical distribution lies below the 
middle of the interval defined by the 
stack-reduction value obtained by that 
S. Tf Ss are performing randomly on 
the second guess, we should expect an 
average percentile score of 50. We can 
normalize this set of percentile scores 
by transforming each to the Z value 
that corresponds to it in the table of 
the normal distribution. These scores 
should then, if they represent chance 
performance, have a mean of zero. 
Since the theoretical distribution of 
such scores is distributed approxi- 
mately normally, the distribution of 
means of even small samples drawn 
from such a population closely approxi- 
mates normality, and so the usual para- 
metric statistical tests may be used. 
Most Ss gave two scores, one on his 
first task and one for his second. Some 
Scores were lost, either because the 
first guess was entirely correct or be- 
cause S failed to adhere to the instruc- 
tions (eg, he repeated a first-guess 
error). Each score was treated as in- 
dependent for the following reasons. 
First, there is an independent chance 
for each S to subcategorize on each of 
his two problems, and since a compari- 
son will be made between those per- 
formances classified as “subcategor- 
izing” and those which are not, no 
simple comparison may be made unless 
the two performances of each S are 
treated as independent. Some justi- 
fication for doing so is provided by the 
outcome of the following comparison. 
The percentile scores for second-guess 
stack reduction on the two problems 
shows a small, negative, and nonsignifi- 
cant rank-order correlation when cal- 
culated across Ss (Rho = E317, 
—.84). This indicates that the two 
performances of an S may be viewed 
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as independent, at least insofar as sec- 
ond-guess stack reduction is concerned. 
The results are as follows: 


1. Several measures were made on 
the first-guess performance. (a) The 
mean number of stacks remaining after 
the first guess was 15.18 (the mini- 
mum possible number being 7 and the 
maximum 21); that is, Ss got about 
one half the possible contiguities cor- 
rect. (b) The mean numbers of one- 
element, two-element, and three-ele- 
ment stacks were 10.54, 3.35, and 1.29, 
respectively. (c) The relative diffi- 
culties of the different attributes may 
be seen by the average number of other 
attributes with which each attribute 
was correctly placed on the first guess 
(here the minimum possible number is 
0 and the maximum is 2). In Task 
CFB this was .74 for the colors, .79 
for the figures, and .64 for the borders. 
In Task PCL it was .67 for the pat- 
terns, .62 for the colors, and .62 for 
the locations. Overall, then, figures 
were easiest to associate with other 
factors, and locations were most diffi- 
cult. (d) The degree to which the 
various attributes are prone to subcate- 
gorization may be seen by the number 
of performances in which a subcate- 
gorization based on that attribute was 
detected. In Task CFB, these num- 
bers were 9 for color, 10 for figure, 
and 21 for border. In Task PCL, the 
numbers were 17 for pattern, 17 for 
color, and 10 for location. The bor- 
ders were clearly most prone to sub- 
categorization and the locations least 
with the amount of subcategorization of 
colors seemingly dependent on the task. 


The most theoretically relevant re- 
sults now follow: 


2. The mean Z score for the 27 sec- 
ond-guess performances which did not 
show  subcategorization was —0.18 
which is slightly but not significantly 
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below chance expectation (CR — — 86, 
p= .20, one-tailed). That is, Ss who 
encoded the figures in terms of the 
experimentally defined attributes per- 
formed randomly on the second guess. 

3. The mean Z score for the 39 sec- 
ond-guess performances which showed 
subcategorization was 0.32 which is sig- 
nificantly greater than chance as hy- 
pothesized (CR= 2.23, p = 01, one- 
tailed). 

4. The mean Z score for the sub- 
categorized second-guess performances 
is significantly higher than the mean Z 
score for the performances which did 
not show subcategorization (CR = 
2.05, p = .02, one-tailed). The num- 
ber of performances subcategorized 
plus not subcategorized does not add 
up to 82 (41 Ssx2 tasks) because 
certain performances were lost for the 
reasons already mentioned. 


The third and fourth results men- 
tioned above are a control against the 
hypothesis that the lack of information 
in second guesses in the nonsubcate- 
gorized performances is due to the fact 
that Ss have forgotten the "subthresh- 
old" information between the first and 
second guesses. The performances 
that are subcategorized (ie. where 
there is information to be preserved 
until the second guess) do show preser- 
vation of information. 

The results support the hypothesis 
that attribute learning is all-or-none 
when S employs the experimentally de- 
fined attributes, but is increment! 
when he does not. The next stage in 
the analysis of the data was a pro- 
cedure designed to verify the assump- 
tion that the subcategorized perform- 
ances showed second-guess information 
because of the subcategorization and 
for no other reason. We therefore 
partialed out, for each performance, 
the amount of second-guess informa- 
tion contributed by the subcategoriza- 
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tion. This was done by assuming that 
our theoretical population of randomly 
guessing Ss (against which a real sub- 
categorizing S is being compared) con- 
sisted only of subcategorizers. The 
Ss of our theoretical population first 
interchanged the same subcategorized 
attributes as the real S did. Apart 
from this, they generated their second 
guesses randomly. These new fre- 
quency distributions (one for each S) 
were obtained by an algorithmic enu- 
meration procedure. The percentile 
score for a subcategorizing perform- 
ance obtained by comparing it to its 
corresponding new theoretical distri- 
bution for stack reduction is called the 
score "corrected for subcategorizing." 
This correction procedure is not biased. 
That is, the forced interchange of two 
attributes selected at random is just 
as likely to lower as to raise a second- 
guess stack-reduction score, if that sec- 
ond guess were random to begin with. 
When second guessing is not random, 
the correction should move the per- 
centile scores toward the theoretical 
expected value of 50 in proportion to 
the degree to which the subcategorized 
attributes contribute toward the sec- 
ond-guess information. Therefore, if 
the higher stack reduction scores of 
the subcategorizing performances were 
due to some extraneous factor, this 
correction should have little effect on 
the scores. The corrected scores were 
computed for all subcategorized per- 
formances and then transformed to Z 
scores as described earlier. For five 
cases, when the subcategorized items 
were exchanged, there was only one 
possible rearrangement of the remain- 
ing elements that would not repeat an 
error of the first guess. Hence these 
S's other placements were determined 
by the subcategorization; they there- 
fore cannot be corrected. It was also 
uneconomical to correct one perform- 
ance where the enumeration of the 
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corrected distribution would have taken 
an excessively long time (about 100 
hr.). For the 33 remaining cases, the 
mean Z score (transformed percentile) 
was —0.02 which is below, but very 
close to the chance expectation of 0.00 
(p= 45, one-tailed). This implies 
that the subcategorization does account 
for all the second-guess information in 
subeategorized performances. 


Discussion 


The results imply that learning of at- 
tributes is all-or-none. However, this 
result cannot be taken as directly contra- 
dictory to the experiments that have 
shown that paired-associate learning can 
be partial (eg. Kristofferson, 1961; 
Lockhead, 1961; Postman, 1963). There 
are several differences between these ex- 
periments and the present one, One 
difference is the fact that the former 
experiments use a recall measure of re- 
tention whereas we used a matching 
measure for the reasons explained earlier. 
Furthermore, Kristofferson and Lock- 
head used nonsense syllables as the comi- 
ponents of the associations; we have used 
attributes. It is quite likely that all the 
associations necessary for the reproduc- 
tion of a single complete response are not 
learned on one trial, especially in the 
case of nonsense syllables, where it is 
obvious that $ must integrate the re- 
sponse term, 

, Even when the response term is a 
single word (eg, Postman, 1963), S 
may learn the attributes of the Correct 
response independently of one another, 
Such attribute learning might account 
for what looks like a. gradual growth of 
associative strength. The learning of an 
insufficient number of attributes on Trial 
n may not lead to a correct response on 
the immediately Succeeding test, but it 
may insure that a sufficient number will 
have been learned by the end of Trial 
n+1 to yield a correct response follow- 
ing that trial. In this sense, learning 
really is incremental even with “simple” 
materials, 

Statements based on the results of the 


present experiment must be somewhat 
qualified. First of all, the results are 
also compatible with a theory which says 
that learning of attributes is incremental 
but that there is an extremely tight 
threshold; i.e, there is no oscillation 
around this threshold. Items cross it in 
an all-or-none manner. Such a theory 
might hypothesize that the subthreshold 
strength, while it does not increase the 
chance of an attribute rising above the 
threshold in a series of unreinforced test 
trials (or on second guesses), does in- 
crease the likelihood that an item will 
cross the threshold on a subsequent learn- 
ing trial To answer this threshold 
theory, it would be necessary to show that 
a second exposure would not lead to more 
correct arrangements on a second series 
of guesses than could be expected on the 
basis of an all-or-none theory. But since 
neither this experiment nor an all-or-none 
theory of the uniting of attributes exists, 
the best we can say as a result of the 
present experiment is that attributes are 
learned all-or-none or cross a recognition 
threshold in an all-or-none fashion. 

A second important qualification is that 
the present experiment deals only with 
the reconstruction measure of retention, 
à measure very similar in its properties 
to recognition. Using this measure, we 
have found mo appreciable oscillation 
around a threshold. Postman (1963), 
however, using a recall measure found 
sufficient oscillation to be able to employ 
it to show that a failure of S to respond 
correctly with an item on Trial n does 
not imply that nothing has been learned 
about that item. The abolishment of 
oscillation in the present experiment may 
indicate that recognition measures are 
less affected by those factors (perhaps 
stimulus context variation) that cause 
S to be unable to remember something 
on one occasion and yet be able to recall 
it later on. If this is true, only recog- 
nition measures could be expected to 
Show the existence of a “quantum” of 
learning using the second-guess technique. 

Thirdly, there exist two entirely sep- 
arable issues: whether there is a quantum 
of learning, and whether strength (as 
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measured by retention) can increase over 
this minimum quantity. While the pres- 
ent experiment supports the quantum hy- 
pothesis, it is in no way relevant to the 
second issue. 

The fact that it is "attributes" rather 
than "items" that cross a threshold or 
are learned in an all-or-none manner 
suggests that attributes are the more 
primitive elements out of which memories 
are constructed. Data supporting this 
hypothesis are given by Bartlett (1932) 
who found that it was possible for an S 
to remember that he had seen a picture of 
a head in profile, rather than full face, 
but at the same time to have forgotten 
whether it was in left or right profile. 
This finding suggests that his S analyzed 
the faces into sets of attributes, and the 
attributes "profile" and "right" could be 
remembered independently of one an- 
other. The preceding assertions bring 
up the question of what these “attributes,” 
that are being claimed as the elements 
of adult memory, actually are. They can 
be considered to be the output of the 
analyses, both innate and learned, both 
perceptual and inferential, that the adult 
will make in response to an incoming 
array of stimulation. Such features as 
familiar subparts (for which analyses 
already exist), discriminable features 
such as color or orientation, certain typi- 
cal sorts of distortions or incompleteness, 
and even the type of emotional reaction 
evoked by the stimulus pattern, might 
be a representative list of the types of 


attributes an adult uses to encode a visual 
display. Such an attribute could be 
viewed from a learning-theoretical point 
of view as some sort of “mediating re- 
sponse.” From the point of view of the 
psychology of cognitive processes, attri- 
butes serve the function of "indexing" 
the memories so that we may retrieve an 
event from memory when we are given, 
or are able to give ourselves, a descrip- 
tion of it in terms of a set of properties. 
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MEMORY IN CONCEPT ATTAINMENT: EFFECTS OF GIVING 
SEVERAL PROBLEMS CONCURRENTLY? 


FRANK RESTLE AN» DAVID EMMERICH 
Indiana University 


The effect of short-term memory on concept attainment was measured 
in 3 experiments. By giving several unrelated problems concurrently, 
we prevented memory of specific instances from 1 trial to the next of 
a problem. Ss chose between 2 pictures that differed in 3 dimensions, 
within each of 6 problems. Experiment I showed that Ss learned faster 
given 1 or 2 problems at a time, than when solving 3 or 6 concurrently. 
Experiment II showed that Ss can process pictures after feedback, if 
the stimulus remains available. This opportunity helps with 1 problem 
at a time, but is of no advantage when learning 6 problems concurrently. 
Experiment III studied responses when exactly the same stimulus dis- 
play is shown twice in succession. Probability of success after an error 
is 1.0 if memory is perfect, and about .5 if hypotheses are sampled with- 
out memory. Ss learning 1 problem at a time showed good memory but 
memory was weak with 6 problems given concurrently. It is concluded 
that short-term memory, the product of active recoding, is used in this 
kind of concept attainment, and its effect can be eliminated by training 


on 6 problems concurrently. 


According to one theory of cue 
learning and concept attainment, S 
holds in mind only the hypothesis or 
cue he is currently using, not the whole 
stimulus (Bower & Trabasso, 1963; 
Restle, 1962; Trabasso, 1963). How- 
ever, concepts could be attained faster 
by an S who remembers several stimuli 
and compares them to calculate the pos- 
sible answer, rather than proceeding 
solely by trial and error, Memory 
aids have been shown to aid concept 
attainment (Bourne, Goldstein, & Link, 
1964; Cahill & Hovland, 1960). Le- 
vine (1966) and Richter (1965) have 
presented evidence that Ss may store 
and process information, transcending 
trial and error, even when they are not 
provided any artificial memory aids. 

If some interfering activity inter- 
venes between trials, 5 may be forced 
to view each trial without memory of 
the particulars of past trials. In the 


1 This research was supported by Nati 
Science Foundation Grant NSF oe 
the first author. i 


experiments reported below, the inter- 
vening activity is a trial of another 
concept problem. Concurrent concept 
attainment should interfere effectively 
with memory, and has the advantage 
that the same activity is both a source 
of interference and, itself, an object of 
study, so that the experiment is rela- 
tively efficient. With our apparatus 
and procedures, as many as six differ- 
ent concept problems can be given con- 
currently, 


GENERAL METHOD 


Up to four college students sat in a dark- 
ened room facing a screen on which stimulus 
pairs would appear. Each S had a control 
panel with two buttons and corresponding 
feedback lights. Instructions were that push- 
ing a button indicated S’s choice and that 
the feedback light would then indicate the 
correct answer. The procedure was group 
paced; the stimuli remained until the last S 
had responded. The group-pacing procedure 
enables each S to respond, but establishes 
social pressures that keep Ss working stead- 
ily, else they will delay other students. Six 
problems each consisted of eight slides, each 
slide having a pair of figures differing in all 
of three binary dimensions. 
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Fic. 1. Pairs of stimuli for each of the 
six problems. (Each pair differs in three 
dimensions, and a complete problem consists 
of eight pairs, all combinations of the three 
dimensions.) 


For the first problem, the dimensions were 
orientation as “S” or “Z,” rounded or sharp 
corners, and hash marks at top or bottom. 
In the second problem, the small figure is 
either an “x” or an "o," inside or outside 
the larger circle, and at top or bottom. In 
the third problem there are two different 
flowers as shown, one or two leaves, leaves 
smooth or serrated. The fourth problem has 
square vs. “VW” shaped car, open or closed 
top, with disk or wire wheels. The fifth has 
hair or hat, arms up or down, skirt or pants. 
The last is a long or short line, straight or 
wiggly, solid or dashed. One slide from each 
problem is shown in Fig. 1. 

Detailed procedures were controlled by an 

automatic apparatus centering on an IBM 
summary punch and a system of relays and 
timers, controlling a random-access slide pro- 
jector. Orders of presentation of materials 
were prepared on a large digital computer. 
_ The E had control of the delay-of-feedback 
interval from the last S’s response to the 
onset of feedback lights, the duration of feed- 
back, and the intertrial interval from the end 
of the feedback light to the beginning of the 
next slide, except that the intertrial interval 
could not be less than the search time of the 
random-access slide projector. In addition, 
E controlled whether the slide would remain 
in view during the delay-of-feedback and 
duration-of-feedback intervals. 

Instructions were relatively complete. The 
Ss were taken through a four-trial problem 
(black-white and triangle-circle dimensions) 
and the problem and nature of the solution 
were explained. Groups trained on concur- 
rent problems had the procedure described 
to them. Position hypotheses (left or right) 
and higher-order concepts of all sorts were 
explicitly ruled out in the instructions. 

The S's were run in platoons of four, each 
Platoon receiving a separate randomization 
Of the problem materials, If some Ss did 
not come at their assigned times, other Ss 
Were run on the same randomization to com- 
Plete the platoon. In a typical design, the 
six problems were presented in six different 


orders to different platoons, forming a Latin 
square. With three two-valued dimensions 
there are six possible correct answers. One 
was used in each of the six orders of the 
Latin square. 


EXPERIMENT I 


If concept attainment is by pure trial 
and error, then concurrent problems 
should be no more difficult than single 
problems. On the other hand, if S 
compares instances, concurrent prob- 
lems should be more difficult, perhaps 
almost impossible. If Ss take advan- 
tage of what memory they have, but 
otherwise learn by trial and error, then 
there should be a gradation in speed 
of learning with number of concur- 
rent problems, and this functional re- 
lationship should reflect the size of 
useful memory. 


Method 


Subjects—Ninety-six students from an 
introductory psychology class were tested, 
24 in each of four groups. 

Apparatus and procedure.—The apparatus 
was as described above. The stimulus was 
removed from view after the last S had 
responded. Delay of feedback was 2 sec., 
duration of feedback was 2 sec., and inter- 
trial interval was 3 sec. All platoons (of 
four Ss each) had the problems in the same 
order but the dimensions called correct were 
changed. One of the six possible answers 
was correct for each of the six platoons in 
a group. 

Design.—The four groups were called 1-, 
2-, 3-, and 6-at-a-time. Group 1-at-a-time 
had 32 consecutive trials on the first prob- 
lem, then 32 on the second problem, and so 
forth. Group 2-at-a-time had a trial on its 
first problem, then a trial on the second 
problem, then another trial on the first prob- 
lem, etc., until it had 32 trials on the first 
two problems concurrently. It then learned 
Problems 3 and 4 concurrently, then 5 and 
6. Group 3-at-a-time learned three problems 
concurrently for 32 trials each, then the 
other three problems. Group 6-at-a-time 
rotated among the six problems, in order, 
until it had 32 trials on each. 


Results 


The Ss learning one or two problems 
ata time averaged a total of 4.45 and 
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5.16 errors per problem, respectively, 
The Ss learning three at a time aver- 
aged 7.57 errors, and those learning 
six at a time averaged 6.73 errors per 
problem. The overall difference was 
significant, F (3, 95) — 778, p « .01. 
The first two groups made fewer er- 
rors than the second two, and this 
main comparison yielded the only sta- 
tistically identifiable difference, F (1, 
95) — 9.20, p < .01. The other com- 
parisons, Group 1 vs. 2 and Group 3 
vs. 6, yielded values of F less than 1.0. 


Discussion 


Concurrent problems are more difficult 
than those given one at a time, but are 
solvable. Three problems at a time are 
enough to yield the full effect, and two 
problems are hardly more difücult than 
one. This suggests that two previous 
stimuli (six dimensions) can be remem- 
bered and used for efficient concept attain- 
ment, but that three previous stimuli 
(nine dimensions) lead to severe inter- 
ference, 

The results agree with the idea that 
Ss recode each stimulus pair in a form 
suitable for remembering and calculating 
the correct dimension. For example, an 
S might encode the correct stimulus in a 
verbal description, “open VW with wire 
wheels is correct.” On the next trial, 
while remembering the first, he may see 
that “closed VW with disk wheels” is 
now correct. From this, if he decides 
to use a single dimension, 5 might deduce 
that the answer is “VW,” The process 
of deduction could take the form of re- 
peating the two sentences alternately and 
eliminating all noncommon elements, If 
immediate memory can hold approxi- 
mately 6-10 unrelated items, then § 
should be able to remember the past trial 
or two with one problem at a time, and 
perhaps two at a time (six dimensions 
plus the three dimensions in the present 
problem) but three concurrent problems 
should present an insurmountable prob- 
lem of storing and rearranging the con- 
tents of short-term memory. Experiment 
I does not give conclusive evidence for 
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our interpretation of course. Certainly 
the six-at-a-time procedure introduces a 
rich source of proactive and retroactive 
interference, possible discouragement, etc. 
It is possible that S forgets, not the spe- 
cific stimulus, but his hypothesis, strategy, 
or association. In the results of Exp. I 
we have the facts that (a) many Ss 
solved the six-at-a-time problems, hence 
presumably were able to remember their 
correct hypotheses from trial to trial, and 
(b) there is a sharp break between two 
and three problems at a time, coinciding 
with the point at which the memory span, 
as usually measured, would become over- 
loaded—namely, between six and nine 
dimensions. 

It is not surprising that problems are 
more difficult to learn concurrently than 
one at a time. However, it should be 
remembered that several "hypothesis- 
sampling” models (Bower & Trabasso, 
1963; Restle, 1962) would not predict 
any such effect unless correct or con- 
firmed hypotheses are forgotten; a proc- 
ess that prevents perfect learning. There- 
fore, Exp. I does support the general 
hypothesis that memory of something 
besides the hypothesis is useful in concept 
formation, 


EXPERIMENT II 


If $ remembers the past stimulus by 
rehearsing a verbal description, he 
needs an opportunity to reformulate 
that description. If he sees both the 
feedback light and the stimulus at the 
same time he can select a convenient 
description. If the stimulus is removed 
before feedback, then the description 
must be formulated either before feed- 
back occurs (ie., some description of 
the two stimuli or some conditional de- 
scription, such as that if the left light 
comes on it will mean that . . .), or 
must be built from short-term mem- 
ory after the feedback light comes on. 

The second experiment studied the 
effect of leaving the stimulus in view 
up until the end of feedback, as against 
removing the stimulus before feed- 

The variable was tested for one- 


a-time and six-at-a-time procedures. 
"The prediction is as follows: with one 
"problem at a time, Ss make use of im- 
mediate memory. Hence, they gain 
from having the stimulus available dur- 
ing feedback, as an opportunity to de- 
scribe the whole stimulus. With six 
problems at a time, according to the 
results of Exp. I, Ss gain nothing from 
immediate memory, hence should gain 
‘nothing from having the stimulus avail- 
able during feedback. 


Method 


— Subjects.—Ninety-six students from intro- 
| ductory psychology, 24 in each group, 4 per 
‘platoon, were used. 
Apparatus and procedure—Because of the 
“use of a new heavy-duty projector, the 
stimuli were now clearer than before, and 
- approximately twice as large. All Ss had 24 
trials on each problem and the intertrial 
interval was increased to 5 sec. Instructions 
and procedure were otherwise as in Exp. I. 
Design—Four groups of 24 Ss were run 
in a 2X2 factorial design. One variable 
was one vs. six at a time, the other was 
stimulus on vs. off during feedback. 


Results 


The two groups having one problem 
at a time differed significantly. With 
and without stimulus on, they averaged 
t 2.27 and 3.49 errors per problem, re- 

spectively, t = 2.35, p < .05. 

" The two groups having six problems 
at a time did not differ. With and 
"Without stimulus on, they averaged 
-5.16 and 5.06 errors per problem, re- 
spectively, t = —0.12. 


Discussion 


© These results ? agree with the idea that 
1 Ss remember specific past stimuli, proba- 


? With respect to the main experimental 
variable of stimulus on vs. stimulus off, our 
theoretical hypothesis is (a) a difference 
. With one problem at a time and (b) mo 
“difference with six at a time. The null 

thesis, for statistical purposes, is usually 
"he contradiction of the main hypothesis, but 
There would be: He: (a) no difference with 


one at a time or (b) a difference with six 
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bly in the form of verbal descriptions of 
the correct stimulus. An active process 
of memorizing, as contrasted with passive 
retention, is suggested. 

If Ss doing six problems at a time use 
a process of trial and error, resampling 
whenever their prediction is called wrong, 
they can still gain from the use of the 
stimulus during feedback. If S reformu- 
lates a new hypothesis at that time he can 
limit himself to hypotheses that would 
agree with the feedback on that trial 
(Levine, 1966). If the stimulus is gone 
and cannot be remembered, S must re- 
sample from a larger set of hypotheses. 
The theoretical advantage of sampling 
within the “possible” set is two to one, 
and should be detectable in this experi- 
ment. However, leaving the stimulus on 
during feedback has no effect in the six- 
at-a-time condition. The authors do not 
know why—possibly Ss did not formulate 
a new hypothesis right after infirming 
the old one, but reformulated only on the 
next stimulus presentation. 
piu quai OBI LM RE 
ata time. Because of the second term, this 
null hypothesis is universally acceptable. To 
disprove it would require showing zero dií- 
ference with six at a time. From our 
hypothesis we can draw the weaker conclu- 
sion that (c) stimulus on will differ overall 
from stimulus off, and (d) the effect will 
not be the same for one as for six at a time. 
The negations of these statements are the 
null hypothesis of main effect and interaction 
for a 2X2 analysis of variance. However, 
these standard null hypotheses could be dis- 
proved and yet our theory still be wrong, 
for example, if the difference were found 
only in the six-at-a-time group. Further- 
more, these analyses of variance null hy- 
potheses look for across the board differ- 
ences, whereas, We expected and found 
specific effects which would be obscured in 
the interaction term of an analysis of 
variance. 

Of course, the statistical results we report 
cannot be interpreted as showing that the 
effect of stimulus on vs. stimulus off differs 
between one and six at a time. Our choice 
of statistical test was based upon the par- 
ticular theoretical hypotheses under consid- 
eration; since we could not perform an 
overall test, having no usable null hypothesis, 
the two theoretical hypotheses were tested 
separately. 


798 FRANK RESTLE AND DAVID EMMERICH 


Bourne, Guy, Dodd, and Justesen 
(1965) used one.problem at a time and 
found that their Ss gained from having 
the stimulus and feedback present during 
a long (29-sec.) intertrial interval. In 
the same study they showed that long 
intertrial intervals are useful in such 
concept formation, the optimal length 
being approximately 9 sec. for a problem 
with one irrelevant dimension, and 17 
Sec. for a problem with five irrelevant 
dimensions. According to our hypothe- 
sis, the long intertrial intervals provide 
time for S to rehearse and compare de- 
scriptions of stimulus-response connec- 
tions, and the presence of the stimulus 
and feedback, especially during longer 
intertrial intervals, makes it easier for S 
to have at least two stimuli available for 
comparison, since one is held available 
by E in a kind of external storage. 


ExPERIMENT III 


One measurement of what S remem- 
bers of the past stimulus in a problem 
is obtained by giving him precisely the 
same stimulus over. If he remembers 
both stimulus and feedback, he should 
make no error on the repeated stimulus 
whether correct or wrong on the origi- 
nal. If he is following a hypothesis by 
trial and error and is correct, then the 
same hypothesis should lead him to be 
correct on the repeated stimulus; but 
if he was wrong on the first stimulus 
and resampled, he may be correct or 
wrong on the next trial. If he sam- 
pled with replacement, his probability 
of being correct is one half. If he 
sampled without replacement, he has 
three of five ways to pick the correct 
cue. Performance on a repeat stimu- 
lus after an error on the original is 
a relatively clear indicator of amount 
of effective memory, 

Experiment III tested immediate 
memory in this fashion, both very early 
and very late in training, under condi- 
tions of one-at-a-time and six-at-a- 
time concurrent concept attainment, 


Method 


Subjects—Ninety-six students from intro- 
ductory laboratory psychology and second 
semester introductory psychology were the 
Ss. These Ss were a little older and more 
knowledgeable about experimental psychol- 
ogy than Ss in Exp. I and II. 

Apparatus and procedure.—Same as in 
Exp. II with the stimulus nof available dur- 
ing feedback. Instead of using all dimen- 
sions of all problems as correct responses, 
in this experiment we used only dimensions 
known from previous experiments to be rela- 
tively difficult, so as to reduce the number 
of problems solved on the first trials. 

Design.—A 2X2 factorial design was 
again used, one variable being one vs. six 
at a time, the other the presence or absence 
of repeated stimuli on Trials 2 and 3. In 
the experimental stimulus-repeat groups, 
Problems 1, 3, and 5 had precisely the same 
stimulus on Trials 2 and 3, and Problems 
2, 4, and 6 had the same stimulus on Trials 
3 and 4. Control groups had the same 
sequence without the repeat, All groups 

the same stimulus on Trials 23 and 24 
on Problems 1, 3, and 5, and the same 
stimulus on Trials 24 and 25 on Problems 
2, 4, and 6. 


Results 


On early trials, Ss with one problem 
at a time showed excellent memory. 
They made 3 errors after 61 previous 
correct responses, and 3 errors after 

6 previous errors, The correct re- 
Sponses after correct could be explained 
by Ss holding correct hypotheses, but 
the equal Proficiency after error 
strongly suggests that these Ss remem- 
bered the stimulus. The Ss working 
on six problems concurrently made 8 
errors in 62 trials following correct re- 
Sponses, showing fair efficiency at fol- 
lowing a correct hypothesis, but made 

errors on 69 trials following errors. 
These Ss showed an ability to remem- 
ber past stimuli, but did not remember 
nearly as well as the one-at-a-time 
group. 

The difference centered, as pre- 
dicted, on responses to the second pres- 
entation of a stimulus when the first 
response had been an error. 
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If a problem had been learned by 
Trial 24, it was discarded from the 
next analysis, concerned with late 
trials. The direct measure of memory 
is the proportion of errors after errors 
when the same stimulus is repeated. 
Among Ss with six problems at a time 
there were 16 errors on 43 attempts, 
or 37% errors. This is not signifi- 
cantly better than chance. Following 
an error, with one problem at a time, 
Ss made 14 errors on 26 tries, slightly 
worse than chance. Thus, the short- 
term memory shown by Ss working 
on one problem at a time, is not appar- 
ent when the test is given late on un- 
solved problems. It seems probable 
that these Ss had given up and were 
not using the same general strategy 
used on very early trials. This further 
supports the idea that this short-term 
memory is an active process. 


GENERAL DISCUSSION 


The individual concept-attainment prob- 
lems given in these experiments are 
simple. A single dimension controlled 
the solution, and only two irrelevant di- 
mensions were employed. With one prob- 
lem at a time, Ss were given six con- 
secutive problems and could develop a 
skill at solving such problems. Under 
these conditions, similar to those consid- 
ered by Levine (1966), we believe that 
our experiments have shown that short- 
term memory is an important factor in 
concept attainment. Our alternative 
method of giving several problems con- 
currently appears to have eliminated a 
large part of the effective short-term 
memory. 

_ In one kind of real-life concept forma- 
tion S has the instances gathered before 
him, either presented together or availa- 
ble through memory, and he calculates 
the solution. At the other extreme, the 
instances are separated in time, and S 
is constrained to proceed by trial and 
error. The second of these two situations 


is approximated in the laboratory by 
using many irrelevant dimensions (Bower 
& Trabasso, 1963) or by our method of 
teaching concurrent problems. The first 
kind of concept attainment is described 
by “information-processing” models. 

Unless artificial memory aids are pro- 
vided, information processing depends 
upon complete and reliable short-term 
memory. The present experiments sug- 
gest that this is attained by an active 
process of memorizing employed by Ss. 
Our results were compatible with the idea 
that Ss recoded the visual displays by 
verbally describing them to themselves, 
and then retaining the description of a 
correct stimulus while comparing it with 
others. Further research is needed to 
reveal the precise form of storage, and 
how it is used to calculate the correct 
concept. 
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TRANSITION PROBABILITY, WORD ORDER, AND 


NOUN ABSTRACTNESS IN THE LEARNING OF 
ADJECTIVE-NOUN PAIRED ASSOCIATES? 


IGOR KUSYSZYN ax» ALLAN PAIVIO 


University of Western Ontario 


Contrary to expectations from En 


glish language habits, adjective-noun 


pairs were previously found easier to learn with nouns rather than 
adjectives as stimuli. Concreteness of nouns also facilitated learning. 
The present experiment considered the contribution of interword tran- 
sition probability to the word-order effect. 107 Ss were presented a 
learning and recall trial with 4 lists of 16 adjective-noun paired asso- 


ciates constructed from controlled 
transition probability, and noun 


association data so that word order, 
abstractness varied systematically. 


The effect of each variable was highly significant and relatively in- 
dependent, recall being better for pairs in the noun-adjective rather 
than adjective-noun order; with concrete rather than abstract nouns ; 
and of high rather than low transition probability. The results further 
support the hypothesis that nouns are superior to adjectives as “concep- 


tual pegs.” 


Variables related to linguistic struc- 
ture have been found to influence learn- 
ing and retention of verbal material in 
a number of studies (eg. Deese & 
Kaufman, 1957; Epstein, 1961, 1962, 
1963; Miller & Selfridge, 1950; Post- 
man & Adams, 1960; Sharp, 1958). 
Such findings suggest that sequences of 
nouns and modifying adjectives should 
be learned by English-speaking Ss 
more easily when the adjectives pre- 
cede rather than follow the nouns, inas- 
much as the adjective-noun order of 
expression is usual in English. Lam- 
bert and Paivio (1956) nevertheless 
found that lists of adjective-noun word 
groups were easier to learn with the 
groups in the noun-adjective (N-A) 
rather than adjective-noun (A-N) or- 


1This study is 

mitted by the first author in 1964 to the De 
partment of Psychology, University of West- 
ern Ontario, in partial fulfillment of the re- 
degree of Master of Arts. 
The research was partly supported by grants 
to the second author from the National Re- 
— Come iot barney ioe APA-87) 
rom nivers; estern Ontario 
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der. The finding was consistent with 
the interpretation that nouns function 
as conceptual “pegs” from which their 
modifiers can be hung. Elaborating on 
this view, Paivio ( 1963) suggested that 
the stimulus effectiveness of nouns may 
depend on their abstractness : because 
of their greater capacity to elicit im- 
agery which can mediate recall of asso- 
ciates, concrete nouns should be supe- 
rior to abstract nouns as conceptual 
Pegs (cf. discussions of a mnemonic 
device involving mediating imagery by 
Miller, Galanter, & Pribram, 1960, pp. 
134-138). It was predicted from this 
hypothesis that learning of adjective- 
noun paired associates would not only 
be easier with the nouns as stimuli 
rather than responses, but that this dif- 
ferential effect would be greater with 
concrete than with abstract nouns. A 
significant interaction of word order 
and noun abstractness in one of two 
experiments supported the latter pre- 
diction (Paivio, 1963), but the inter- 
action was small in comparison to 
Strong main effects obtained in both 
experiments: regardless of noun ab- 
800 
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stractness, recall was superior for N-A 
pairs ; and, regardless of word order, 
recall was better when nouns were con- 
crete rather than abstract. These re- 
sults could not be explained readily in 
terms of such variables as familiarity or 
meaningfulness of the items. 

Paivio (1963) suggested that the 
word-order effect might be explained 
in terms of interword transition proba- 
bility. It may be that nouns generally 
elicit relatively few different, modifying 
adjectives, whereas adjectives can elicit 
(modify) many different nouns. To 
the extent that this is true, transition 
probability would be greater in the case 
of N-A than A-N pairs, i.e., adjectives 
would be more predictable from rele- 
vant nouns than vice versa, and supe- 
rior learning would be expected for 
pairs in the N-A order.* This inter- 
pretation was tested in the present 
research using controlled association 
data. In general, Ss asked to associate 
only with nouns to adjective stimuli 
should produce a greater number of 
different words (types) as associates 

2 The associative probability interpretation 
of the facilitating effects on paired-associate 
learning of an increase in associative mean- 
ingfulness (m) apparently conflicts with the 
above analysis. However, associative proba- 
bility theory also generates the contrary pre- 
diction that an increase in the number of 
associates elicited by an item increases the 
probability of incorrect interitem associations. 
This “interference paradox” has not been 
satisfactorily resolved (cf. Underwood & 
Schulz, 1960, pp. 46-47) and no definitive 
attempt will be made here to do so. It may 
be suggested, however, that an increase in 
associates is facilitative only when they have 
a mediational function, potentially linking 
items that are not directly associated, as is 
the case in most paired-associate studies in- 
volving m (see Underwood & Schulz, 1960, 
pp. 296; Winnick & Kressel, 1965). The 
present analysis assumes, instead, a situation 
in which one of many, equally relevant asso- 
ciates of a stimulus item functions explicitly 
as the response; hence response competition 
stemming from prior linguistic habits pro- 
vides the basis for interference. 
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than Ss associating with adjectives to 
nouns. Most N-A pairs constructed 
from such data would accordingly in- 
volve higher transition probability than 
A-N pairs. However, in some in- 
stances the transition probability of 
A-N pairs may exceed that of N-A 
pairs. Such A-N pairs should be easier 
to learn than the N-A pairs if transition 
probability is the variable responsible 
for the usual superiority of the N-A 
order, but not if “nounness” per se is 
crucial as the conceptual peg theory 
states. These hypotheses were tested 
in a paired-associate learning experi- 
ment involving A-N and N-A pairs of 
high and low transition probability gen- 
erated from the association data. In 
addition, because of the strong effect of 
concreteness-abstractness observed in 
prior studies (Paivio, 1963, 1965 ; 
Paivio & Olver, 1964), both concrete 
and abstract nouns were used, From 
the earlier research, we predicted that 
pairs with concrete nouns would be 
learned easier than pairs with abstract 
nouns and that this effect would be 
greater with the nouns as stimuli rather 
than responses. 


METHOD 


Transition-probability dala.—A. method of 
controlled association was used to obtain 
pairs differing in transition probability (TP). 
One hundred and fifty nouns and 150 adjec- 
tives, with frequencies ranging from 1 to 100 
or more occurrences per million, were chosen 
from Thorndike and Lorge (1944).* Half 
the nouns were relatively abstract and half 
relatively concrete, according to judged rat- 
ings based on the criterion that concrete 
nouns have objective or perceptible refer- 
ents while abstract nouns do not (cf. Gor- 
man, 1961). Ten sets of 20 booklets each 
were compiled, 5 sets containing nouns and 
5 sets, adjectives. Each booklet included an 
instruction sheet and 30 words, each word 
appearing on a separate page and repeated 


8 Eighty-four of the nouns and 72 adjec- 
tives had frequencies of 50 or more per mil- 
fion. The stimulus members of the pairs 
were selected only from these words. 
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20 times in a column. The data were ob- 
tained in 30-min. periods from three differ- 
ent groups totaling 200 Ss, with 20 Ss asso- 
ciating for 60 sec. to any given stimulus word. 
The Ss responding to nouns were asked to 
give as many relevant, modifying adjectives 
as they could to each noun, and Ss respond- 
ing to adjectives were asked to give relevant 
nouns, 

Paired-associates lists—In constructing 
pairs, transition probability was defined as 
the total number of different response words 
(nouns or adjectives) given to a stimulus 
word by the entire sample of 20 Ss. The 
stimulus members of the high TP pairs were 
chosen from the one third of the stimulus 
words to which Ss gave the smallest number 
of different associates of the appropriate 
class; and stimulus members of the low TP 
pairs, from the one third of the stimulus 
words to which Ss gave the greatest number 
of different associates, Only words with 
Thorndike-Lorge (1944) frequencies of 50 
or more per million were included in the 
adjective-noun pairs, of which two sets of 
64 were constructed. The same stimulus 
words were used for both sets, but the re- 
sponse words for the two differed in com- 
monality (ie, the number of Ss responding 
with the same word to a particular stimulus 
word): in one set of pairs (Set A), the 
response word had been given as an associate 
to the stimulus word by 2 of the 20 Ss that 
contributed association data ; and in the other 
(Set B), by 3 of the 20 Ss. Each of the 
sets included eight types of adjective-noun 
pairs, eight of each type. Each type repre- 
sented one combination of the three variables, 
TP, word order, and noun abstractness, For 


TABLE 1 


MEAN No. or DIFFERENT ASSOCIATES AND 
MEANS oF tHE TotaL No. or ASSOCIATES 
TO STIMULUS MEMBERS OF PAIRS OF Hicu 
AND Low TRANSITION PnonBABILITY, 

OF N-A AND A-N Wonp ORDER AND 
WITH ABSTRACT AND CONCRETE 


example, one type was comprised of pairs of 
high TP, with concrete nouns, in the N-A 
order; another of low TP, concrete noun, 
A-N pairs, and so on. The pairs were so 
constructed that the mean TP, i.e., the mean 
number of different associates evoked by 
stimulus members of pairs, was approxi- 
mately equal for N-A and A-N pairs, as 
well as for pairs with concrete nouns and 
those with abstract nouns. Furthermore, an 
attempt was made to equate each type of pair 
on the mean total number of associates elic- 
ited by their stimulus members. Control of 
the above factors was limited, of course, by 
the relatively small sample of words in- 
volved. able 1 shows the mean of the 
numbers of different associates and of the 
total number of associates given to the stimu- 
lus members of the pairs for the two levels 
of each of the three independent variables. 

From the eight different types of paired 
associates, eight lists of 16 adjective-noun 
pairs were constructed. Each list contained 
8 high- and 8 low-TP pairs; half of each of 
these pairs were in the N-A order and half 
in the A-N word order; and half of each of 
these contained concrete nouns and the other 
half abstract nouns. Thus, each of the 8 was 
a mixed list containing 2 pairs of each of the 
eight combinations of the three variables. 
The ordinal position of the pairs in each list 
was randomly determined. The mixed-list 
design was convenient and, since comparable 
effects were previously obtained for both 
word order and noun concreteness whether 
the variable was varied in mixed or sepa- 
rate lists (Paivio, 1963), it is unlikely that 
this design systematically biased the results 
in any way. 

Paired-associate learning procedure.—The 
Procedure was similar to that used by Paivio 
(1963). The eight lists were presented 
orally, the four lists of Set A pairs to two 
groups of 30 and 25 Ss each, and the four 
lists of Set B pairs to two groups of 26 5s 
each. To control for possible practice effects, 
the order of presentation of the lists of each 
Set was reversed for the two groups of Ss; 
that is, the list learned first by one group 
was learned last by the other, etc, The 
Pairs of each list were read aloud once in 
a monotone, with a 2-sec, pause between 
Pairs. The stimulus words alone were then 
read out in a different (randomly deter- 
mined) order from their ordinal position in 
the paired-associate list at 8-sec. intervals, 
allowing Ss sufficient time to record the re- 
sponses, An answer sheet numbered from 1 
to 16 was provided for each list, So Ss 
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would not lose their places on the answer 
sheets, the number indicating the ordinal 
position of each stimulus word was read out 
before the stimulus word itself was read. 
An 8-sec. interval was allowed between the 
completed recall trial for one list and the 
presentation of the pairs in the succeeding 
list. 

The stimulus-response order of Set EY 
pairs was reversed for another group of 45 
Ss (ie, the N-A pairs became A-N pairs, 
and vice versa), and the presentation proce- 
dure described above was repeated. This 
was done as a further check on the reliability 
of the effects of word order and noun ab- 
stractness, and to test for any effect on learn- 
ing of the slight difference in the total num- 
ber of associates between the A-N and N-A 
order pairs (see Table 1) which may have 
confounded the effects of TP and word order. 

Subjects—All Ss were university under- 
graduate students whose native language was 
English and who were naive to verbal-learn- 
ing experiments. Two hundred Ss (107 male 
and 93 female) contributed the word-associa- 
tion data; 55 Ss (32 female and 23 male) 
learned Set A pairs; and 52 Ss (31 male and 
21 female) learned Set B pairs. Thirty-two 
male and 13 female Ss learned Set A pairs in 
the reverse stimulus-response order. 


RESULTS 


Word associations—The 84 nouns 
elicited a mean of 103.1 different adjec- 
tives, and the 72 adjectives elicited a 
mean of 102.0 different nouns, an in- 
significant difference, Thus the hy- 
pothesis that adjectives would elicit a 
greater number of noun associates than 
nouns would elicit adjectives was not 
supported. The means of 106.6 and 
100.6 associates to abstract and con- 
crete nouns, respectively, also do not 
differ significantly. 

Paired-associate learning —The over- 
all pattern of learning scores was highly 
similar for the four subgroups, as in- 
dicated by a coefficient of concordance 
of .83 (p « 01) among their ranked 
means for the eight types of pairs 
learned. The data of the subgroups 
were accordingly pooled in the analy- 
sis. Table 2 shows the mean number 
of words correctly recalled for each 
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TABLE 2 


Mean No. or Worps Correctly RECALLED 
AS A FUNCTION oF Word ORDER, Noun 
ABSTRACTNESS-CONCRETENESS, AND 
‘TRANSITION PROBABILITY 


(N = 107) 
N-A Order A-N Order 
Transition 
“Joss sie gam R [eA NLT TN 
Concrete | Abstract | Concrete | Abstract 
High 5.64 445 5.03 3.75 
Low 5.20 4,19 4.72 2.66 
type of pair, each mean being based on 


eight pairs. The standard deviations 
corresponding to the means of Table 2 
range from 1.68 to 2.12. These data 
were analyzed by an analysis of vari- 
ance for correlated means (McNemar, 
1962), involving two levels each of 
transition probability, word order, and 
noun abstractness. 

The mean effects of the three vari- 
ables were highly significant (^ < .001) 
recall being better for high- than for 
low-TP pairs, F (1, 106) — 44.34; for 
the N-A than for the A-N order pairs, 
F (1, 106) = 7075; and for pairs with 
concrete nouns than for pairs with ab- 
stract nouns, F (1, 106) = 134.85. Of 
the three double interactions, only that 
involving noun abstractness and word 
order reached significance, F (1, 106) = 
12.14, p < .001, indicating that varia- 
tion in noun abstractness had a greater 
effect with pairs in the A-N order. The 
triple interaction was also significant, 
F (1, 106) = 864, p < 005, this ef- 
fect apparently reflecting the low recall 
score for pairs that are at once low 
TP, in the A-N order, and in which 
the nouns are abstract. The orderliness 
of the data in Table 2 suggests that the 
effects of the three variables are addi- 
tive. For example, recall was highest 
for high TP, N-A order, concrete noun 
pairs, and lowest for low TP, A-N or- 
der, abstract-noun pairs. 
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TABLE 3 


Mean No. or Worps RECALLED AS A 
Function of Worp ORDER AND 
NOUN ABSTRACTNESS FOR THE 
REVERSED PAIRS 


(N = 45) 


Word Order 


Nouns N-A A-N 


M SD M SD 


Concrete | 10.31 | 3.12 8.47 3.19 
Abstract | 7.58 | 3.15 5.78 3.61 


Table 3 shows the mean number of 
words correctly recalled by the group 
for whom the word order of Set A 
pairs was reversed. The TP of the 
pairs in the reverse order is unknown, 
thus the means of Table 3 show the ef- 
fect of noun abstractness and word or- 
der only, and are accordingly based on 
16 rather than 8 pairs. An analysis of 
variance for correlated means indicated 
that the main effects of noun abstract- 
ness and word order were both highly 
significant, pairs being easier to learn 
in the N-A than in the A-N order, 
F (1, 44) = 46.17, p < .001 ; and pairs 
with concrete nouns being easier to 
learn than pairs with abstract nouns, 
F (1, 44) = 110.88, p < .001. The in- 
teraction of word order and noun ab- 
stractness was not significant. Inspec- 
tion of Table 3 indicates that the N-A 
order pairs containing concrete nouns 
are the easiest to recall, and the A-N 
order pairs containing abstract nouns 
are the most difficult to recall, a result 
which is consistent with Paivio’s (1963) 
findings. The fact that the pairs were 
again easier to learn in the N-A than 
in the A-N order suggests that the 
word-order effect obtained with the re- 
versed pairs in the main experiment 
(see Table 2) was not due either to 
differences in difficulty of the words as 
units or to the small difference in the 


mean total number of associates elicited 
by stimulus members of the N-A as 
compared to the A-N pairs (see Table 


1). 
Discussion 


The word-association data did not sup- 
port the hypothesis that nouns in gen- 
eral can elicit relatively fewer alternative, 
modifying adjectives than vice versa. 
This finding indicates that the superior 
recall for N-A, as compared to the A-N 
pairs, obtained by Paivio (1963) and in 
the present experiment, was not due to a 
greater transition probability in the N-A 
pairs. Thus, the hypothesis (Paivio, 
1963) that nouns function as superior 
“conceptual pegs” for their modifying 
adjectives despite an apparent favoring 
of the A-N order in English language 
habits still appears valid, although usage 
may contribute somewhat to the effect in- 
asmuch as nouns precede adjectives in 
ordinary English in cases where the two 
words are separated by a copulative verb, 
€.g. “The dog is big.” The contribution 
of such usage remains to be determined. 

Although transition probability does not 
account for the word-order effect, the re- 
sults indicate that a relatively small varia- 
tion in this factor can affect learning in 
the predicted direction independent of 
word order and noun abstractness. It 
could be argued that the position of re- 
sponses in an S’s associative hierarchy 
to the stimulus words also contributed to 
the effect (cf. Coleman, 1963). That is, 
the smaller number of possible alternative 
associates to stimulus words in the high, 
as compared to the low, transition prob- 
ability pairs suggests that the response 
members in the former are also relatively 
higher than the latter in the associative 
hierarchy and, therefore, in associative 
strength. This possibility is weakened by 
the fact that only low-commonality asso- 
ciates were used, but the problem merits 
further investigation, 

The strong, facilitating effect of noun 
concreteness accords with previous find- 
ings (e.g, Gorman, 1961; Paivio, 1963, 
1965; Winnick & Kressel, 1965). The 
Significant interaction between noun ab- 
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stractness and word order in the main 
experiment indicates, however, that varia- 
tion in abstractness had a greater effect 
with pairs in the A-N order rather than 
in the N-A order, contrary to the finding 
in one of two experiments reported by 
Paivio (1963). The difference may be 
due to the added effect of transition prob- 
ability in the present experiment, as in- 
dicated by the significant interaction of 
the three variables. This interpretation is 
further supported by the failure to find 
a significant interaction of abstractness 
and word order when the systematic con- 
tribution of transition probability was re- 
moved by reversing the stimulus-response 
order of the pairs in one list (see Table 
3). It should nevertheless be noted that 
the above results differ from those ob- 
tained with noun-noun pairs in that, with 
such pairs, a greater effect on paired- 
associate learning is obtained with varia- 
tion in abstractness-concreteness of stimu- 
lus rather than response members (Paivio, 
1965; Paivio & Olver, 1964). As previ- 
ously suggested (Paivio, 1965), the ex- 
pected differential effectiveness of noun 
concreteness on the stimulus side of noun- 
adjective pairs may have been partly ob- 
scured by the strong preexperimental as- 
sociative linkages between nouns and 
their modifying adjectives—linkages not 
present when only nouns are used. 
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It is well known that in spiral aftereffect, apparent centrifugal motion 
is greater than apparent centripetal motion. It has recently been pro- 
posed that this asymmetry results from differential eye movements dur- 
ing the inspection period. Centrifugal and centripetal aftereffects were 
measured concurrently with eye movements. The postulated differen- 
tial in eye movements was not found, The asymmetry was found to 
be present in waterfall illusion as well as in spiral aftereffect with the 
degree of asymmetry increasing as a function of distance from the fovea 
out to about 20°. Prolonged exposure to spirals rotating in both di- 
rections over a period of 4 days brought about a significant reduction 
in the amount of asymmetry suggesting that this phenomenon may be 
a result of environmental adaptation. 


A puzzling fact of spiral aftereffect, 
which is not accounted for by any exist- 
ing theory but which has been known 
for more than half a century, is that 
the aftereffect of apparent centrifugal 
motion is greater than that of appar- 
ent centripetal motion, Wohlgemuth 
(1911) was the first to notice this 
asymmetry in his extensive studies of 
motion aftereffects. More recently, 
several studies of spiral aftereffect have 
demonstrated quantitatively that appar- 
ent outward movement is greater than 
apparent inward movement (Bakan & 
Mizusawa, 1963; Costello, 1961; Pow- 
ell, 1962; Scott & Medlin, 1962). 

Few explanations have been offered 
for this asymmetry. Wohlgemuth 
(1911, p. 82) Suggested that it was 
due to increase in size of the retinal 
image associated with fatigue and con- 
Sequent impairment of focus, The 
blurring of the image would make any 
steadily fixated object appear to ex- 
pand slightly thus adding to appar- 
ent outward movement and subtract- 
ing from apparent inward movement, 
More recently Bakan and Mizusawa 
(1963) have Suggested that when a 
spiral is rotated so that the bands ap- 
pear to be moving away from the cen- 
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ter, fixation of the center of the spiral 
is impaired by a tendency for S's gaze 
to wander outward in pursuit of the 
visually moving bands. This impaired 
fixation would reduce the aftereffect, 
No such wandering occurs when the 
Spiral is rotated in the opposite direc- 
tion, they argue, because in this case 
the motion of the bands is centripetal 
and would tend to return the eye to 
the fixation point. 

Some such artifactual explanation is 
appealing. There is no comparable 
asymmetry in rotational aftereffect 
(Taylor, 1963a, 1963b; Wohlgemuth, 
1911) and the postulation of special 
explanations is of course to be avoided 
if possible. 

The present study has three major 
purposes. The first is to test the hy- 
potheses of Bakan and Mizusawa and 
of Wohlgemuth. The second is to ex- 
plore the generality of the asymmetry 
which has been previously found only 
in spiral aftereffect. The third is to 
measure the effect of adaptation on the 
asymmetry. 


EXPERIMENT I 
Method 


Apparatus—The eliciting stimulus was a 
ck single-throw Archimedes spiral, drawn 


x 
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counterclockwise outward on a white disc 
38 cm. in diameter and having the formula, 

= .353 0, with p in centimeters and 6 in 
radians. The black and white bands were 
equal in width. The spiral could be rotated 
at 160 rpm in either direction by an electric 
motor whose speed was stroboscopically con- 
trolled. A central fixation point was pro- 
vided by a 6.3-v. bulb, operated at 3 v., set 
in the center of the spiral behind an aper- 
ture 3 mm. in diameter, and covered with 
white paper to provide a diffusing surface. 
The light was connected to a coil wound on 
the end of the shaft just behind the spiral. 
This coil rotated with the shaft as the spiral 
turned. A stationary coil was mounted 
around the rotating coil. The light was thus 
powered inductively with the stationary coil 
acting as the primary and the rotating coil 
as the secondary of a transformer. Mechani- 
cal coupling using “brushes” was found to 
produce variations in the brightness of the 
fixation point as the spiral turned. The in- 
ductive coupling eliminated these variations 
completely. The spiral was placed in one 
arm of a three-field mirror tachistoscope and 
was illuminated by eight de-operated fluores- 
cent lights (GE F8T5D). The lights were 
operated below the mercury vapor ionization 
current so that a rapid rise time could be ob- 
tained, The resulting luminance of the sur- 
face of the spiral was approximately 5 mL. 
A television picture tube (2LALP4-A) and 
deflection yoke were mounted in another arm 
of the tachistoscope and were connected so 
as to provide a circular stimulus 14 cm. in 
diameter. The trace was approximately 3 
mm. wide.i 

An electronic timer was used to present 
the spiral for a 10-sec. period and then to 
replace it immediately by the circle for a 
2-sec. period. These two stimuli were re- 
Cycled continuously with no delay between 
presentations, 

The circle could expand or contract at se- 
lected rates, or remain motionless. It al- 
ways appeared with an initial diameter of 
14 cm. and then immediately expanded or 
contracted uniformly at any one of 50 differ- 
ent precalibrated rates. The rate of change 
of diameter could be varied from 20 mm/sec 
contraction to 20 mm/sec expansion. These 
rates were selected by means of a rotary 
Switch which adjusted the speed of the test 


1A 3-page description and one circuit 
diagram have been deposited with University 
Microfilms, Incorporated, Ann Arbor, Michi- 
gan. Order Special Film S-294, remitting 
$2.75 for microfilm or positive copies. 


stimulus in 1 mm/sec steps. All stimuli were 
seen at an optical distance of approximately 
90 cm. 

Two stereo phonograph crystal cartridges 
were strapped to S’s forehead. Each eyelid 
of S was mechanically connected to one of 
these cartridges by a stainless steel wire 
taped to the eyelid by a narrow strip of 
masking tape. Movements of the corneal 
bulge under the eyelid communicated slight 
motions to the wires and thence to the piezo- 
electric crystals. The four outputs of the 
cartridges were connected to the first four 
channels of an eight-channel electroencepha- 
lograph. To induce eye movements, four 
flashing lights were introduced during cer- 
tain of the spiral presentation periods, These 
lights, which will be referred to as eye-move- 
ment lights, were similar in size and bright- 
ness to the central fixation point and were 
mounted on a black disc placed in the third 
field of the tachistoscope. The lights were 
connected to a binary counter circuit through 
and-gates in such a way that they flashed 
on, one at a time in a fixed order: left, 
right, up, down. A complete cycle was 2 sec. 
long. The four lights were, respectively, 3 
cm. above, below, to the left, and to the 
right of the center of the field. 

The eye-movement lights were capacitively 
coupled to Channels 5 through 8 of the 
EEG to provide a record of their operation. 
By superimposing an ac signal (60 cycles) 
on Channel 5 the appearance of the circle 
was recorded. The S held a small box con- 
taining three pushbuttons. The left-hand 
button signaled apparent contraction of the 
circle, and the right-hand button apparent 
expansion. The center button was used to 
signal eye blinks. Depressing the buttons in- 
troduced ac signals on Channels 6, 7, and 8, 
thus providing a record of S’s responses. 

Subjects—Thirty University of South 
Carolina male undergraduate students served 
as Ss. 

Procedure—Upon entering the room S 
was seated in front of the tachistoscope and 
the head piece containing the stereo crystal 
cartridges was strapped to his forehead. The 
manipulandum box was placed in S's lap, and 
the room was darkened. The S was in- 
structed to try not to blink more than neces- 
sary. However, because blinking did cause 
an artifact in the record, he was instructed 
to press the center button as a signal. This 
enabled E to distinguish the blinking move- 
ments from saccadic eye movements. As a 
further check on blinking, E closely watched 
the record, and when it seemed that S failed 
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to signal a blink he was reminded of the 
necessity to do so. Blinking was virtually 
always easy to discriminate from eye move- 
ments even without S’s signals. 

Each $' was tested under nine experimental 
conditions, The spiral was presented in three 
ways: stationary, contracting, and expanding. 
"These three types of spiral presentation were 
further subdivided into those in which S 
fixated the center fixation light with the eye- 
movement lights not flashing (the F condi- 
tions) ; those in which he fixated the fixation 
point, but with the lights flashing (the FM 
conditions) ; and those in which he followed 
the lights with his eyes as they flashed on 
and off (the M conditions). The S was 
given explicit instructions regarding each of 
these nine conditions. 

Measurements of aftereffect rate were ob- 
tained by the following tracking procedure. 
On the first trial of each condition the circle 
was set to appear with constant size. If S 
had an aftereffect on the first trial which 
made the stationary circle seem to expand, 
he pressed the right-hand button. The E 
then adjusted the rotary switch so that, on 
the next trial, the circle would contract at 
1 mm/sec, If on the second trial S's after- 
effect exceeded 1 mm. contraction per 
he again pressed the right-hand button, sig- 


If, qr mie was less than 2 mm/ 
sec, and the circle appeared to contract, he 
pressed the left-hand button. The prt was 
then moved so that the circle contracted only 
1 mm/sec on the next trial, When S made 
this first reversal, the reco: ding apparatus 
was turned on and 15 trials were recorded. 


———_|. 


Fro, 1. Representative sample 
movement record from a vor ehm 
upper recording shows two eye blinks oc- 
curring close together. The lower recording 
shows two eye movements which occurred in 
response to the eye-movement lights.) 
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spection. The E continued in the same man- 
ner as described until the 15 trials were com- 
pleted. Thus, the rate of change of circle 
size was constantly readjusted so that it 
moved back and forth around a value at 
which S’s aftereffect was canceled by the 
objective motion of the test stimulus. If the 
objective change in size of the test stimulus 
was exactly canceled by S’s aftereffect, 
there was no apparent movement. In this 
case S was instructed to guess. The rate of 
motion associated with the aftereffect was 
obtained by computing the mean rate of 
change of radius of circle in minarcs/sec for 
the 15 trials of each condition. 

Measurements of duration were also ob- 
tained after each condition. The S inspected 
the rotating spiral for 30 sec. A stationary 
circle then appeared and remained on until 
S reported that it appeared to have stopped 
moving. Duration was thus the number of 
seconds the circular test stimulus appeared 
to expand or contract following a spiral pres- 
entation of 30 sec. 

Eye movements were measured from the 
clearest of the four recording channels. For 
each S, a minimum and maximum excursion 
of the pen was determined, depending on the 
clarity and sensitivity of the record. Excur- 
sions above the selected size were eliminated 
since they were usually artifacts, such as 
blinking or movement of the head. Excur- 
sions below the selected size were eliminated 
as probably being associated with muscular 
vibrations. The limits for a given S were 
usually obvious, The intermediate excursions 
were clearly associated with S’s eye move- 
ments. A simple count of the number of 
such intermediate excursions was made for 
each experimental condition. 


Results 


Because of the novelty of the method 
used for measuring eye movements, 
representative samples of the record 
obtained from one S are shown in Fig. 
l. These samples illustrate the ease 
with which eye blinks (top) can be dis- 
criminated from eye movements (bot- 
tom). The eye movements, in turn, 
are easily discriminated from the fine 
muscle tremors which can be seen as 
background activity, 

Figure 2 gives the quantitative re- 
sults for eye movement. As can be 
Seen, approximately 21 times as many 
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ments during presentation of an expanding 
spiral (open circles) and a contracting spiral 
(solid circles) under three different condi- 
tions: fixating a central fixation point (F), 
fixating the fixation point while eye-move- 
ment lights were flashing (FM), and fixat- 
ing successively the eye-movement lights 


M). 


eye movements occurred during the M 
conditions as occurred during either the 
F or FM conditions. An analysis of 
variance based on the data of Fig. 2 
shows that the only significant source 
of variance was the main effect as- 
sociated with the fixation conditions, 
F (2, 58) = 67.85, p < 0005, It is of 
interest that the main effect associated 
with the direction of rotation was not 
Significant, F (1, 29) = 1.68. Bakan 
and Mizusawa would have predicted 
differential eye movements associated 
with the two directions of rotation. 
The insignificant F means that S’s abil- 
ity to follow instructions regarding eye 
Movements was not impaired by the 
motion of the spiral bands. Of course, 
it may be that there was a slight effect 
9n the eye movements which was not 
detected because of the limited sensi- 
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tivity of the experimental technique 
used. Since this is a possibility, it be- 
comes important to ask how much eye 
movement is necessary to impair fixa- 
tion sufficiently to explain the dif- 
ference between expand and contract 
aftereffect. No other effects were sig- 
nificant in this analysis. 

Figure 3 shows the results obtained 
for aftereffect duration. As can be 
seen, the duration of apparent expan- 
sion following a contracting spiral was 
longer than that of apparent contrac- 
tion following an expanding spiral. 
This is the expected result. An analy- 
sis of variance of the data of Fig. 3 
shows that the difference in duration 
associated with the two directions of 
rotation is significant, F (1, 28) — 12.02, 
p < 005. In addition, there is an or- 
ders effect, F (1, 27) = 9.30, p < .01. 
On the average, the aftereffect appeared 
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Fro, 3. Duration of spiral aftereffect fol- 
lowing presentation of an expanding spiral 
(open circles) and a contracting spiral (solid 
circles) under the three different eye move- 
ment conditions (F, FM, and M). (The 
left side of the figure shows the results ob- 
tained when the expanding spiral was pre- 
sented first. The right side shows the re- 
sults obtained from the opposite order of 
presentation.) 


F 
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longer when the conditions producing 
apparent expansion were presented 
first, There is also a significant triple 
interaction of Orders X Rotation X 
Fixation, F (2, 54) = 507, p < .01. 
It is of interest to note that there is no 
significant effect associated with fixa- 
tion, F (2, 56) = 2.03. No other ef- 
fects were significant in this analysis. 
The significant difference in duration 
of aftereffect caused by reversing the 
order of presentation of the two direc- 
tions of rotation appears to be an im- 
portant finding. A likely explanation 
is that an S’s first experience with the 
aftereffect influences his later judg- 
ments of aftereffect duration. The Ss 
who began the experiment with the 
longer lasting "expand" aftereffect 
tended to judge the "contract" after- 
effect as longer than Ss who started 
the experiment with contract afteref- 
fect. These latter Ss, in turn, tended 
to underestimate the duration of “ex- 
pand” aftereffect thus making them 
more similar to their initial experience. 
The interpretation of the triple inter- 
action would seem to be that the bias- 
ing effect on S resulting from presenta- 
tion of the expanding spiral first so 
attenuated the duration of his after- 
effect as to obliterate the effect of eye 
movements. The effect of eye move- 
ments can be clearly seen for those Ss 
who saw the contracting spiral first. 
In addition, there may be fatigue or 
boredom factors. There is a consider- 
able period of uncertainty in all dura- 
tion measures of motion aftereffect. 
An S who is impatient and eager for 
the experiment to be over may decide 
that there is no longer any apparent 
motion several seconds earlier than he 
would have at the beginning of the ex- 
periment. This postulated boredom ef- 
fect would have a greater influence on 
aftereffect of longer duration than on 
shorter aftereffect. These considera- 
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tions strongly suggest the necessity for 
reexamination of the results of all 
studies in which duration has been a 
measure of aftereffect—especially those 
studies in which boredom and possibly 
other motivational factors such as S's 
beliefs as to probable outcome of the 
experiment may have played an impor- 
tant role. 

To measure the rate of change of 
perceived size the circle speed settings 
for each condition were averaged to- 
gether. It might be expected that the 
average setting for the stationary spiral 
conditions would be zero. Actually, 
the objectively stationary circle ap- 
peared to expand slightly. On the av- 
erage, this perceived expansion had a 
rate of 1,5 minarcs/sec. This effect re- 
sembles gamma effect. Whatever its 
explanation, this apparent movement 
following the fixation of a stationary 
spiral would have the effect of exag- 
gerating the measure of perceived ex- 
pansion and underestimating the meas- 
ure of perceived contraction. Conse- 
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Fic. 4. Aftereffect rate following expand- 
ing spiral (open circles) and contracting 
spiral (solid circles). (As in Fig. 3, results 
are presented for the three different eye- 
movement conditions and the two different 
Orders of presentation of the spiral.) 
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quently, for each S, the average 
“gamma effect" was subtracted from 
S’s expand aftereffect score and was 
added to his contract aftereffect score. 
Figure 4 shows the corrected data. As 
can be seen, even after this correction, 
aftereffect of apparent expansion was 
consistently greater than aftereffect of 
contraction. Somewhat less aftereffect 
was obtained under the FM and M 
conditions than was obtained during 
the undisturbed fixation. An analysis 
of variance based on the data of Fig. 4 
shows the effect of direction of rota- 
tion is clearly significant, F (1, 29) = 
11.73, p < .005. The effect of fixation 
is also clearly significant, F (2, 58) = 
25.87, p < .0005. There is no signifi- 
cant order effect in this analysis, and 
the triple interaction which was signifi- 
cant for the duration measures is not 
significant for aftereffect rate measure- 
ments, Evidently aftereffect rate meas- 
ures are not subject to the bias sug- 
gested above for duration measures. 
No other effects were significant in 
this analysis. This experiment clearly 
demonstrates that impaired fixation re- 
duces aftereffect rate. On the average, 
the eye movements decreased the after- 
effect rate by about 2 minarcs/sec. The 
difference found between expand and 
contract aftereffects was about 18 
minarcs/sec. The experiment has dem- 
onstrated then that impaired fixation 
can produce a decrement in aftereffect 
roughly comparable to the decrement 
produced by changing the direction of 
rotation of the spiral. The question 
taised earlier as to how much eye 
Movement would be necessary to pro- 
duce this amount of decrease in after- 
effect has thus been roughly answered. 
According to Bakan and Mizusawa’s 
hypothesis, reversal of the spiral should 
Produce a change in eye movements 
closely comparable to the change in 
eye movements induced experimentally. 
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The eye-movement data (Fig. 2), how- 
ever, show that reversal of the spiral 
has no such effect on eye movements. 
Therefore, it can be safely concluded 
that Bakan and Mizusawa's hypothesis 
cannot account for more than a very 
small fraction of the obtained asym- 
metry. 

Wohlgemuth's idea that the asym- 
metry was produced by an enlargement 
of the retinal image resulting from im- 
paired focus must also be rejected. 
This apparent increase in size should 
occur during the stationary spiral con- 
ditions as well as those in which the 
spiral was turning. The correcting 
procedure in which the results of the 
stationary conditions were subtracted 
from each S's "expand" aftereffect 
measure and added to his "contract" 
aftereffect would, under Wohlgemuth's 
hypothesis, obliterate any difference be- 
tween expand and contract aftereffect. 
Since there is still a highly significant 
difference in favor of aftereffect of per- 
ceived expansion, Wohlgemuth's hy- 
pothesis also fails to account for the 
asymmetry. 


EXPERIMENT II 
Method 


The purpose of Exp. II was to determine 
if asymmetry can be shown to exist with the 
waterfall illusion. If asymmetry is not pe- 
culiar to the spiral aftereffect and cannot be 
explained by special attributes of the spiral 
configuration, it may be that some structural 
aspect of the retina and/or the central nerv- 
ous system is responsible for it. 

Apparatus—The timer and tachistoscope 
were identical to that used in Exp. IL In 
one field of the tachistoscope vertical black 
and white bands 2 cm. wide appeared be- 
hind an aperture 4 cm. square. The bands 
were illuminated by two GE 1822 bulbs op- 
erated at 36 v. and placed 2 cm. from the 
paper on which the bands were drawn. The 
bands remained stationary or moved to the 
right or left at a rate of 5.9 cm/sec. Since 
the viewing distance was 90 cm., this was 
equivalent to a rate of 223 minarcs/sec. 

To the left of the aperture, in a horizontal 
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line, five 6.3-v. bulbs were placed at angular 
distances of 5, 10, 15, 20, and 25? from the 
center of the aperture. These fixation points 
could be turned on one at a time by E. Thus 
when S fixated a particular light, the image 
of the striped pattern would fall on the retina 
at a known angular distance from the fovea. 

A black screen was placed in front of the 
television picture tube in the opposite arm of 
the tachistoscope. A vertical white trace 3 
mm, wide and 2 cm. high (test stimulus) 
appeared through a slit in the screen. This 
test stimulus always appeared in the center 
of the stimulated retinal area and moved to 
the right or left at any desired speed. The 
speed was controlled electronically by E as 
in Exp. I. 

Subjects.—T welve students at the Univer- 
sity of South Carolina served as Ss. There 
were 10 males and 2 females. All Ss were 
required to have a visual acuity of 20-20 
without glasses. 

Procedure.—The eliciting stimulus (verti- 
cal bands) was presented to each S under 
three conditions: stationary, moving to the 
right, and moving to the left. At the end of 
10 sec. the eliciting stimulus disappeared and 
was replaced by the test stimulus for 2 sec. 
The S always fixated the fixation point se- 
lected by E. When the test stimulus was 
presented S reported whether or not the 
distance between the test stimulus and the 
fixation point appeared to be increasing or 
decreasing. The method of limits was used 
to determine the rate of movement of the 
test stimulus which produced no apparent 
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Fic, 5. Apparent movement of an objec- 
tively stationary vertical white trace as a 
function of distance from the fovea (heavy 
line). (Continuous line shows a least- 
squares fit of Msterberg’s [1935] rod density 
function.) 
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change in distance. In all three conditions 
the mean aftereffect was obtained for each 
of the five fixation points, 


Results 


Some apparent motion took place 
even following stationary presentation 
of the vertical bands. Figure 5 shows 
the results of these control conditions, 
The apparent motion was without ex- 
ception centrifugal. As can be seen 
from the figure it was an increasing 
function of distance from the fovea out 
to 20°, thereafter decreasing. The fine- 
line curve in Fig. 5 is a least-squares 
fit of Msterberg’s (1935) rod density: 
function to the data points. Some de- 
gree of similarity can be seen between 
the two curves, suggesting a possible re- 
lationship between this apparent move- 
ment and the fine structure of the 
retina. This apparent motion may be 
the basis for the well-known gamma 
effect, It is certainly interesting to 
note that the apparent movement ob- 
tained with the isolated vertical trace 
is quite comparable to that obtained 
with the circular test stimulus of Exp. 
I. In Exp. I the average magnitude of 
the "gamma effect" was 1.5 minarcs/ 
Sec. In that experiment the circular 
trace was approximately 43? from the 
fixation point. Inspection of Fig. 5 
shows this to be a comparable result. 
As in Exp. I, the "gamma effect" score 
for each S was subtracted from his 
centrifugal aftereffect and added to his 
centripetal aftereffect. In this way, the 
corrected scores reflect only that part 
of the apparent motion which was at- 
tributable to the preceding motion of 
the eliciting stimulus. 

Figure 6 is based on the corrected 
scores. This figure shows the differ- 
ential effects of the two directions of 
movement. It is apparent from in- 
spection of the figure that more after- 
effect was obtained under the left- 
moving conditions than under the right- 
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moving conditions. That is, centrifugal 
aftereffect, as in Exp. I, was greater 
than centripetal aftereffect. There is a 
greater asymmetry in the periphery 
than in more central portions of the 
retina, An analysis of variance per- 
formed on the data of Fig. 6 shows 
that the asymmetry was significant, 
F (1,11) = 11.25, p < .01. The after- 
effect obtained at different distances 
from the fovea was clearly significantly 
different, F (4, 44) = 29.33, p < .0005. 
In addition there was a significant in- 
teraction between the degree of asym- 
metry and distance from the fovea, 
F (4, 44) = 7.35, p < .0005. No other 
effects were significant in this analysis. 

The results of this study clearly in- 
dicate that asymmetry of motion after- 
effect is not peculiar to the spiral after- 
effect. It is possible that some struc- 
tural aspect of the retina and/or the 
central nervous system may be respon- 
sible for it. Hubel (1963) has reported 
finding cells in the visual cortex of cats 
which are directionally sensitive to mo- 
tion. These cells respond with sustained 
firing to moving lines in a particular 
direction. Lines moving left, e.g., will 
produce no response from a cell pre- 
ferring right-moving stimuli. Upon 
cessation of this motion, the cell re- 
turns to its normal condition. It is pos- 
sible that there are more cells in the 
cortex oriented for centripetal move- 
ment. This unbalance could have re- 
sulted from differential phylogenetic 
development. Most vertebrate organ- 
isms have their eyes oriented in the di- 
tection in which they move and they 
may have become more adapted to cen- 
trifugal movement because this is the 
More common visual experience. En- 
vironmental habituation is another pos- 
sible explanation, Similar hypotheses 
have been previously suggested by 
Gregory and Ross (1964) and Scott 
(1960). 
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Fic. 6. Aftereffect rate following two dif- 
ferent directions of eliciting motion as a 
function of distance from the fovea. (Cen- 
trifugal aftereffect—solid circles—was ob- 
served in response to centripetal motion. 
Centripetal aftereffect—open circles—was ob- 
served in response to centrifugal motion.) 


ExPERIMENT III 


The purpose of Exp. III was to 
measure the effect of prolonged ex- 
posure to both centrifugal and centripe- 
tal motion. There is evidence that mo- 
tion aftereffect changes as a result of 
continued stimulation (Wohlgemuth, 
1911). Eysenck, Holland, and Trou- 
ton (1957) have demonstrated what 
they referred to as "practice effects" in 
the persistence of the illusion. Investi- 
gation of this adaptation of the after- 
effect with simultaneous observation of 
asymmetry may throw some light on 
the question of whether the asymmetry 
is the result of permanent structural 
factors or whether the environmental 
habituation hypothesis has greater 
credibility. 

Method.—Aftereffect rate was measured 
by a method similar to that used in Exp. I 
in a naive adult male S with normal vision. 
Eight measures of centrifugal aftereffect and 
eight measures of centripetal aftereffect were 
obtained on each of 4 successive days. The 
spiral was a 20-cm. diameter four-turn Ar- 
chimedes spiral whose formula was p= .404 
6, with p in centimeters and @ in radians. The 
spiral was illuminated by four neon bulbs 
(GE, NE34) operated at 150 v. dc. The 
viewing distance was 5 ft. The test stimulus 
was a green circular oscilloscope trace. Half 
of the measurements on each day were made 
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Fic, 7. Aftereffect rate following a contracting spiral (solid circles) and an expanding 


spiral (open circles) as a function of time: four trials a day for 4 days. 


represent the means for each day.) 


using a test circle having an initial diameter 
of 1 in, The other half of the measurements 
were made with a test circle 4 in. in initial 
diameter, In place of the tracking proce- 
dure described in detail in Exp, I, the method 
of constant stimuli was used. The experi- 
ment required S to devote approximately 4 
hr. each day to more or less constant obser- 
vation of the rotating spiral. 


Results 


The results obtained with the 1-in, 
circle and those obtained with the 4-in, 
circle were pooled. The combined re- 
sults are shown in Fig, 7. On Day 1 
centrifugal aftereffect (solid circles) 
was more than twice as great as cen- 
tripetal aftereffect. Across time, how- 
ever, centrifugal aftereffect gradually 
declined while centripetal aftereffect 
increased until on Day 4 the original 
asymmetry was reversed. An analysis 
of variance of the data of Fig. 7 treat- 
ing the four trials within days as repli- 
cations, results in an overall insignifi- 
cant F (F <1) associated with days. 
The effect of direction of rotation is 
highly significant, F(1, 24) = 3449, p 
«0005. The interactions of Direc- 
tions X Days is also highly significant, 


(The larger circles 


F (3, 24) = 14.37, p < .0005. These 
data, then, strongly suggest that pro- 
longed exposure to equal amounts of 
expanding and contracting stimulation 
brings about a marked reduction in 
asymmetry. Aftereffect rate measured 
in the rhesus monkey (Scott & Jordan, 
1963; Scott, Jordan, & Powell, 1963; 
Scott & Powell, 1963) produced the 
surprising result that centripetal after- 
effect was greater than centrifugal 
aftereffect in these animals. Measure- 
ment of aftereffect in the monkey re- 
quires much more time than measure- 
ment in humans, and it may well be 
that the prolonged stimulation to which 
the animals were necessarily subjected 
explains the failure to find the asym- 
metry typical of human Ss. The re- 
sults of Exp. III are consistent with 
the environmental adaptation hypothe- 
sis. Automobile riding or driving is 
a common visual experience for the 
human S. This stimulus situation cer- 
tainly provides massive amounts of cen- 
trifugal stimulation and may account 
for a substantial proportion of the strik- 
ing asymmetry found in spiral after- 
effect studies. 
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VISUAL DETECTION OF COMPOUND MOTION? 
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Results of previous studies suggest that under certain geometric con- 
ditions the rate of change of the relative bearing (w) between 2 moving 


objects is used as a cue to predict their future positions in space. 


4 Os 


were studied in 4 situations representing an abstraction of these geo- 
metric conditions. Their task was to detect a rotary motion superim- 


posed on translational motion. 


The results indicate that w was the 


primary cue used in this task; detection performance was a linear 


function of w. 


In some man-machine systems a 
human operator observes a display de- 
picting objects moving in space and is 
required to make judgments concern- 
ing the future temporal and spatial rela- 
tionships among these objects. Typi- 
cal examples are the air traffic con- 
troller, who must insure adequate 
separation between the various aircraft 
for which he is responsible, and the air 
defense intercept director, who must 
guide an interceptor aircraft to a point 
in proximity to another moving air- 
craft. An essential characteristic of 
these tasks is that two targets are mov- 
ing on converging paths and O is re- 
quired to judge whether or not they 
will collide. Figure 1 depicts the ge- 
ometry of this situation. The paths 
along which the targets move may be 
divided into two segments. The first 
Segment represents the track history; 
the second represents the future paths 
of the targets. During the first seg- 
ment, portrayed as a solid line in Fig. 
1, O receives information about the 
speed and path characteristics of the 
two targets. The second segment, indi- 
cated by a dotted line, is the extrapola- 
tion distance. The angle 9 is the inter- 
section angle between the paths, vı 


1 This paper served as the basis for a pres- 
epu by the authors to the Western Psy- 
chological Association at Honolulu, 

14-19, 1965. "n 


and v» are the respective velocities of 
the two targets, and Smin is the mini- 
mum separation between the targets. 

The two-target collision prediction 
problem was studied by Mangelsdorf 
and Fitts (1954) and Mangelsdorf 
(1955), using static displays of trails 
of dots, and by Gottsdanker and Ed- 
wards (1957) and Gerhard (1959), 
using moving targets. The results of 
these studies all pointed in the same 
direction. The O seemed to estimate 
either the extrapolation distances or 
extrapolation times of each target from 
some critical point (such as their point 
of disappearance) to the intersection 
point. Any factor that made compari- 
son of these time or distance estimates 
more difficult increased the error of 
judgment, e.g., increasing the discrep- 
ancy of the speeds of the two objects or 
increasing the intersection angle. Also, 
error was higher for slower-speed ob- 
jects than for faster ones. 

There is available in the two-target 
converging-paths situation another cue, 
which has not been investigated: the 
rate of change of the relative bearing 
between the two targets. This is 
o = da/dt, the rate of change of the 
angle « in Fig. 1. When o = 0, the 
minimum target separation, Smin, is also 
zero; as the magnitude of o increases, 
Smin increases. This is true for any 
given intersection angle, target speeds, 


816 


DETECTION OF COMPOUND MOTION 


Fic. 1. Geometric relationships between two 
targets moving on converging paths. 


and extrapolation time or distance of 
either of the two targets. This sug- 
gests that o can provide a sufficient cue 
for an O to judge whether a collision 
will occur, 

A consideration of Fig. 1 will show 
that if everything else is kept constant, 
as the extrapolation distance is in- 
creased, w is decreased, Similarly, if 
everything else is kept constant, as o 
is varied from 0 to 180°, œ varies from 
zero through some maximum and back 
to zero. Also, for small values of o, 
an increased difference between v; and 
Uz reduces o, whereas for large values 
of o, an increased difference between 
vı and və increases w. And, of course, 
any reduction in both v; and v» reduces 
o. Changes in o which were produced 
by changes in the parameters manipu- 
lated in the previous studies varied sys- 
tematically with observed changes in 
behavior. Consequently it is reason- 
able and parsimonious to assume that 
o was used as a cue in predicting 
whether a collision would occur. 

f When two targets move on converg- 
ing paths, a change in relative bearing 
between them (w340) involves com- 
pound motion of the two targets with 
Tespect to each other. Compound mo- 
tion refers to the fact that as the two- 
target system translates, one target 
Moves in relation to the other with a 
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rotational and a radial velocity compo- 
nent. This experiment is intended to 
study the ability of an O to detect such 
a rotary motion superimposed on a 
translatory motion. The general situ- 
ation selected is an abstraction of that 
shown in Fig. l. In it the two-target 
system translates while one target ro- 
tates about the other, but the radial 
velocity is maintained constant at zero. 
The detection by an O of a deviation 
of w from zero can be considered as a 
process of detecting a signal in noise, 
where the rotational velocity compo- 
nent represents the signal and the 
translational velocity component repre- 
sents the background noise. This for- 
mulation of the task suggests that it can 
be analyzed in terms of the statistical 
decision theory of signal detection 
(Swets, Tanner, & Birdsall, 1961), so 
that detection performance can be 
measured by d', an index of detecta- 
bility of a given signal for a given O. 


METHOD 


Observations were made in an air- 
conditioned, sound-attenuated, 7 X 8 ft. room, 
illuminated indirectly by a 60-w. frosted 
“Lumiline” bulb. The O sat in a chair with 
a pushbutton response device before him. 
He wore earphones through which was fed 
white noise to mask the mechanical sounds 
of the stimulus-generating equipment. Sixty 
inches in front of O was a screen upon which 
the stimuli were projected from behind. 
These stimuli consisted of two circular tar- 
gets of light .185 in. in diameter, which ap- 
peared, moved to the right a distance of 1.2 
in, and then disappeared. The lower of the 
two targets, the reference stimulus, moved at 
a constant velocity of 1 in/sec. The upper 
target, the comparison stimulus, rotated 
about the moving reference stimulus at a con- 
stant angular velocity. The task of O was 
to detect this rotational movement when it 
occurred. The O viewed the stimuli through 
an elliptical hole cut in a large cardboard 
mask (located directly in front of the pro- 
jection screen), which hid the apparatus and 
served to minimize surrounding visual cues. 
The elliptical cutout was 191 in. wide and 
128 in. high, centered approximately 10 in. 
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below eye level The brightness of the 
screen was .15 mL, and the brightness of the 
stimulus targets was 50 mL., measured by a 
Spectra brightness spot meter. 

The experiment was controlled by a Philco 
2000 computer using a technique developed 
by one of the investigators (Cooperband, 
1964) : The computer triggered the stimulus- 
generating equipment (which automatically 
presented the stimuli on each trial) and re- 
corded O’s responses. 

Observers—The Os were four male stu- 
dents (senior or graduate level) from a local 
university. All had 20/20 vision and no 
astigmatism, uncorrected. They were paid 
a daily rate plus an incentive bonus, upon 
completing the experiment, that depended on 
an objective measure of their performance. 

Experimental design.—Two levels of tar- 
get separation (s= 1.5, 3 in.) and two levels 
of initial angle (a = 45°, 90° from the direc- 
tion of translation) were combined factorially 
and each of the four combinations was pre- 
sented twice to each O. The sequence of 
combinations was counterbalanced to mini- 
mize order effects. A different combination 
was presented each day. An experimental 
day was divided into two blocks of four 
sessions, At the beginning of each block, 
the computer prepared a different random 
sequence of 72 trials, containing nine repli- 
cations of each of eight rotational speeds. 
This sequence was repeated for each of the 
four sessions in that block, a total of 576 
trials/day. The eight values of rotational 
speed. were: 0, .107, .310, .514, .716, .922, 
1.118, and 1.322 degrees/sec. Consequently, 
on any trial the probability that rotational 
movement occurred was .875. The O was 
told this a priori probability. 

A psychophysical rating procedure was 
used. The O responded by pushing one of 
eight buttons that represented degrees of 
confidence that a signal had occurred. The 
categories of confidence were defined as: 
Certain Yes, Confident Yes, Believe Yes, 
Unsure Yes, Unsure No, Believe No, Confi- 
dent No, and Certain No. The O was not 
given knowledge of results, 

Procedure.—Each O served consecutive 
days at the same time each day. On the 
first day, O was given a copy of the in- 
structions, which he read to himself while E 
read them aloud, and had an opportunity to 
ask questions about the experimental task. 
He then was given 5 familiarization trials, 
after which he received 576 practice trials, 
divided into eight training sessions, with E 
opportunity to ask questions after the fourth 
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and eighth sessions. Each experimental day 
also was divided into eight 8-min. sessions 
with a buzzer sounding at the beginning and 
end of each session. Before the first session, 
O was read a summary of the instructions 
and given five practice trials. Between the 
fourth and fifth sessions there was a 10-min. 
break during which O was required to leave 
the experimental room; between all other 
sessions there was a 2-min. rest pause during 
which he remained in his place. 

On each trial the following sequence of 
events occurred. The reference target ap- 
peared at the center of the display screen as 
a warning signal and as a fixation point. 
One-half second later the comparison target 
appeared and both targets began their trans- 
lational movement with the comparison tar- 
get simultaneously rotating about the refer- 
ence target. At the end of the 1.2-sec. expo- 
sure period, both targets disappeared and the 
equipment returned to the starting position. 
Aíter the disappearance of the targets, O 
pushed a button to indicate his response. 
Two seconds after O had responded and the 
equipment had returned to the starting posi- 
tion, the next trial started. All trials were 
of 6-8 sec, duration. 


RESULTS AND DISCUSSION 


Any conclusions that might be drawn 
from this study depend crucially on the 
validity of Os’ use of the rating-scale 
response categories, i.e., on their ability 
to order their responses not only be- 
tween but within stimulus conditions. 
Specifically, the ratio (for each re- 
sponse category) of the number of re- 
sponses, given a signal, to the total 
number of responses should increase as 
the degree of certainty of signal detec- 
tion, represented by the response scale, 
increases. An analysis of curves de- 
picting this relationship derived from 
Os’ responses showed them generally 
to be monotonic, with slopes varying 
directly with rotational rate. 

Classical threshold.—The rating-scale 
responses were converted to yes-no 
responses for the purpose of determin- 
ing a classical threshold by setting a 
cutoff at midscale, where the category 
labels changed from Unsure Yes to 
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TABLE 1 


DETECTION PERFORMANCE OF Four Os UNDER Four GEOMETRIC CONDITIONS 


Geometric Condition 01 02 03 04 
v s a 
(deg/sec)| Ga) | (deg) | a” |dmw/dse | a — | dsan/dan | d! | dzen/dzn | d' | dzem/dsn 
Cond. 1 
.107 1.5 45 .270 .997 .041 | 1.202 .487 | 1.140 .282 .127 
.310 1.5 45 .230 | 1.018 .104 | 1.307 .368 | 1.175 403 816 
514 1.5 45 .358 | 1.025 .350 | 1.229 .455 | 1.209 | 1.079 .890 
-116 1.5 45 .186 | 1.103 .750 | 1.094 .801 | 1.143 .992 877 
922 1.5 45 822 .933 .857 | 1.209 | 1.364 | 1.244 | 1.166 ,854 
1.118 1.5 45 1.264 | 1.073 | 1.375 | 1.345 | 1.441 | 1.146 | 1.488 Lob 
1.322 1.5 45 1.587 | 1.169 | 1.785 | 1.247 | 1.788 | 1.391 | 1.795 743 
Cond. 2 
107 1.5 0 .170 947 193 | 1.049 174 | 1.082 198 875 
310 1.5 0 .296 .939 .596 | 1.137 .323 | 1.021 .365 .902 
514 Pe 0 .508 915 744 .989 .634 | 1.214 | 1.366 | 1.266 
.116 1.5 0 .925 .867 .956 | 1.139 | 1.072 | 1.072 | 1.337 .956 
.922 1.5 0 1.143 .866 | 1.652 | 1.178 | 1.460 | 1.216 | 1.755 .950 
1.118 1:5 0 1.479 .814 | 2.181 | 1.267 | 1.633 | 1.033 | 1.966 1.041 
1.322 1.5 0 1.627 .936 | 2.450 | 1.002 | 1.957 | 1.037 | 2.376 .878 
Cond. 3 
.107 3.0 45 .225 | 1.049 .096 | 1.046 .044 ,888 .249 | 1.060 
.310 3.0 45 .360 | 1.170 .424 | 1.186 .228 | 1.085 576 .994 
514 3.0 45 .750 | 1.110 .816 | 1.170 .605 | 1.150 | 1.257 | 1.417 
.716 3.0 45 1.064 | 1.020 | 1.067 | 1.212 .866 | 1.116 | 1.466 | 1.137 
.922 3.0 45 1.387 | 1.150 | 1.549 | 1.264 1.471 | 1.414 | 1.936 | 1.172 
1.118 3.0 45 1.574 | 1.074 | 2.105 | 1.334 | 1.634 1.511 | 2.501 | 1.215 
1.322 3.0 45 2.142 .953 | 2.610 | 1.488 | 2.130 | 1.291 2.993 | 1.021 
Cond. 4 
.107 3.0 0 .146 | 1.295 .269 | 1.033 .017 744 093 967 
310 3.0 0 .393 | 1.036 483 971 .162 | 1.105 ,534 .851 
514 3.0 0 .186 .886 .720 | 1.473 .568 .964 .976 974 
T 3.0 0 1.249 | 1.105 | 1.299 | 1.144 .826 | 1.132 | 1.232 .806 
922 3.0 0 1.451 | 1.142 | 1.674 | 1.174 | 1.282 .886 | 1.726 | 1.058 
1.118 3.0 0 2.058 | 1.186 | 2.227 | 1.216 1.718 .824 | 2.424 .980 
1.322 3.0 0 2.361 | 1.238 | 2.800 | 1.281 2.056 .884 | 2.822 .949 
Unsure No. Thresholds were calcu- decision criteria from the eight- 


lated by the Spearman distribution 
method (Woodworth, 1938). An 
analysis of variance showed that for 
three Os the initial geometry was not 
a statistically significant source of vari- 
ation, although for O 4, initial separa- 
tion was significant at the .05 level. 
The mean thresholds for the four Os 
were .653, .684, .688, and .517 
degrees/sec. 

Detection behavior —By successively 
establishing each of the seven assumed 


category rating scale as the criterion 
for a yes-no response, it was possible 
to calculate for each criterion the proba- 
bility of a correct response, Pan(A), 
and the probability of a false alarm, 
pn(A). These seven points deter- 
mined an ROC curve for each O for 
each stimulus intensity (Swets et al., 
1961). This operation was repeated 
for each of the stimulus intensities to 
produce a family of. ROC curves for 
each O. 
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In order to apply statistical decision 
theory to the details of the data, it is 
necessary to demonstrate that the gross 
aspects of the data are consistent with 
the theory. The theory assumes that 
the ratio of the variances of the noise 
(n) and signal-plus-noise (sm) distri- 
butions is approximately equal to one: 
If the responses are plotted as z scores, 
the ROC curves form nearly straight 
lines, whose slope is the reciprocal of 
the ratio c,,/e, (Egan, Schulman, & 
Greenberg, 1959). The slopes and in- 
tercepts (d') of the ROC curves are 
shown in Table 1. The distribution of 
the reciprocal slopes had a mean of 
1.077 and a variance of .002 over all 
Os and conditions. Within some con- 
ditions for some Os, however, there 
was a correlation between the slope and 
d’, although correlations across con- 
ditions were not significant. Conse- 
quently, we conclude that d' is a 
meaningful measure of detection 
performance. 

An analysis of the geometric prop- 
erties of the experimental situations 
showed only one parameter other than 
w with which d’ varied systematically. 
This parameter, #,, the linear compo- 
nent of velocity of the rotating target 
in the direction of translation, is deter- 
mined by o and the geometric condi- 
tion. A multiple-regression analysis 
was performed to determine the rela- 
tive importance of these two parame- 
ters in determining d’, Because o and 
t, correlate at r= 787, g weights 
would not represent their relative im- 
portance. Instead, the proportion of 
accountable variance contributed by tn 
when the effect of w is partialed out, 
can be compared to the proportion of 
variance contributed by w, when the 
effect of 2, is partialed out. The re- 
sults of this analysis are shown in Table 
2. It can be seen that for all Os the 
effect of w is greater than that of é,, 
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TABLE 2 


SUMMARY OF MULTIPLE-REGRESSION 
ANALYSIS 


Variance Variance 
Coefficient of} Contributed | Contributed 


Determi- to d' by xr to d' by w 
nation after w is after Xr is 
Partialed Out| Partialed Out 
01 971 .097 410 
02 .940 .061 447 
03 974 001 339 
04 920 © 4049 161 
Com- 

bined 891 4040 170 


and for three Os the difference is 
marked. From this we conclude that 
#,, and consequently the geometric con- 
ditions, had little effect on the detec- 
tion performance in this task, which 
rather depended primarily on o. Be- 
tween 80 and 87% of the total variance 
of d' is accountable by o. This rela- 
tionship between d' and o can be repre- 
sented by the linear equation 


d' = 1.814 w — 0.126, 
o in degrees/second 


which was derived from the combined 
data for all Os. The correlation be- 
tween d' and o for the 112 different 
measurements (4 Os x4 Geometric 
Conditions X.7 Rotational Rates) was 
92. Apparently an O can in fact de- 
tect rotary motion, even when it is 
superimposed on translational motion. 
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DIFFERENTIATION VERSUS UNLEARNING OF 
VERBAL ASSOCIATIONS * 


NORMAN J. SLAMECKA 


University of Vermont 


Underwood and Postman (1960) theorized that learning of a list re- 
quires the unlearning of competing preexperimental associations to the 
list items. 3 experiments tested this assumption. Experiments I and 
II showed that obtained extralist and intralist preexperimental associa- 
tions were not unlearned following the learning of one or two compet- 
ing lists. Experiment III showed no weakening of natural associations 
after competing list learning, by latency measures. It was concluded 
that preexperimental associations were inhibited but not unlearned 
during list acquisition. The hypothesis was developed that strong as- 
sociates are differentiated before they can be unlearned, and weaker 
associates are unlearned more rapidly than they can become differenti- 


ated. 


Underwood and Postman (1960) of- 
fered a theoretical account of verbal 
learning and recall which is based upon 
the traditional interference model, but 
which lays stress upon the role of ex- 
isting language habits. Basic to their 
theory is the hypothesis that memoriza- 
tion of a list requires the unlearning of 
competing preexperimental associations 
to the list items. They recognize that 
S is no associative tabula rasa, but that 
he brings to the laboratory prepotent 
associative tendencies to the stimuli 
that will be encountered in the learn- 
ing task, by virtue of long-standing 
language habits, If S must acquire new 
responses to items in the list, it is as- 
serted that he must first break the older, 
preexperimental, associative bonds. To 
quote from Underwood and Postman 
(1960) : 
As an illustration, assume that the word over 
is a unit in a serial list. Assume further 
that, due to long existing language habits, 

1This work was supported by National 
Science Foundation Grants G-14,721 and B- 
14999, The author gratefully acknowledges 
the assistance of Ernest Lemay and Edina 
Oldham. Experiment II was conducted dur- 


ing the author's tenure as Visiting Associate 
Professor at Dartmouth College. 


there is a strong tendency for the over to 
elicit there. We presume that this associa- 
tion will have to be extinguished before a 
new association can be established, but that 
with the passage of time the original asso- 
ciation will recover to interfere with reten- 
tion [p. 75]. 


Other statements of this assumption are 
found in articles by Postman (1961b, 
p. 167; 1962b, p. 361). 

Deductions from the theory have been 
tested (Postman, 1961a, 1962a; Under- 
wood & Postman, 1960), and the re- 
sults leave something to be desired, 
especially in predicting recall of lists as 
a whole. Limited support has come in 
the form of apparent recovery of intra- 
list errors which were regarded as pre- 
experimental associations. However, in 
testing the theory’s applicability to 
letter-sequence recall, Underwood and 
Keppel (1963) found no confirmation. 

The plausibility of the theory rests 
critically upon the adequacy of the un- 
learning hypothesis, and the hypothesis 
itself merits closer scrutiny. This pa- 
per presents evidence pertinent to the 
question of whether natural associa- 
tions are, in fact, unlearned during 
competing laboratory list acquisition. 

Barnes and Underwood (1959) 
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showed that associations formed in the 
laboratory were unlearned after com- 
peting list learning. Using paired as- 
sociates in the A-B, A-C paradigm, 
they found that availability of first-list 
responses at recall declined as a func- 
tion of degree of second-list learning, 
under conditions of unlimited recall 
time. Failure to recall the original re- 
sponse was evidence for extinction or 
unlearning of the association. How- 
ever, it may be hazardous to assume 
that the phenomenon occurs with strong 
preexperimental associations. As Rus- 
sell (1961) noted, 


... there may be substantive differences in 
the antecedents of natural language habits 
which give them properties which are quite 
different from those normally produced in 
laboratory settings. . . . Furthermore, what 
little can be guessed at concerning the ante- 
cedents of natural language habits does not 
on the surface support their claim to com- 
parability to experimentally acquired habits 
[p. 117]. 


EXPERIMENT I 


This was a direct test of the assump- 
tion that learning a list necessitates the 
concommitant unlearning of competing 
extralist preexperimental associations. 
It was direct in that the availability of 
preexperimental associations generated 
by S was measured, following the learn- 
ing of a prescribed list or lists. It also 
measured the extinction undergone by 
prescribed associations. "The criterion 
of unlearning was that used by Barnes 
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and Underwood (1959), viz., failure to 
recall the response when allowed un- 
limited time. 

The design, seen in Table 1, incor- 
porated two parallel retroactive inhibi- 
tion experiments, one contained within 
the other. Group 2 was a control for 
assessing degree of unlearning of List I 
resulting from the second-list task for 
Group 1, and Group 3 was a control 
‘for assessing degree of unlearning of 
‘preexperimental associations resulting 
from the prescribed list tasks of Groups 
1 and 2. 


Method.—Thirty-six students of general 
psychology at the University of Vermont 
served as naive Ss, divided into three groups 
of 12, Each S gave 50 free associations, 5 
to each of 10 stimulus words. The word ap- 
peared on a memory drum and S' was to say 
the first word that occurred in response to it, 
and then asked again 4 more times in suc- 
cession. Instructions forbade repeating an 
associate to the same word, and no S did so. 
Four orders of stimulus presentation were 
used. The words were two-syllable nouns 
from lists used by Postman (1962a). Five 
were of high Thorndike and Lorge (1944) 
frequency (1,000-3,000 in L count) and five 
were of low frequency (1-3 in L count). 
Although free associations vary with the 
method used to elicit them, the particular re- 
sponses given in this context will be defined 
as preexperimental associations, It can be 
assumed that they were the strongest asso- 
ciations to those stimuli. Then Group 1 
learned two paired-associates lists in suc- 
cession from the memory drum by the antici- 
pation method. There was a 3:3-sec. rate of 
presentation and a 6-sec. intertrial interval. 
The lists were of the A-B, A-C paradigm, 


TABLE 1 
DesiGn or Exe. I AND II* 


MISURA Lbe2 | ererimentl | “asd List’ 
G List 1 Learn List experiment and Lisi 
mee 2 M (A-B) (A-C) Associations Responses 
(A-P) (A-P) (A-B, C) 
Sam Sam 1 Rest Task Same as Group 1| Recall List 1 
Group 2 ie as Group 1 ie as Group esi Repone (A-B) 
Group3 | Same as Group 1 | Rest Task Rest Task | Same as Group 1 


* For Exp. II the prescribed list designations are A-Pr, since preexperimental responses were re-paired with 


other stimuli. 
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TABLE 2 
Resuvts or Exr. I AND II 


same words used in 
two-tyllable nouns of intermediate ‘Thorn. 


4.12, p < 01, indicating unlearning of 
some prescribed responses. Relative 
retroactive inhibition was 32.5196, In 
sharp contrast to this, recall of preex= 
perimental associations did not even 
approach significance among the three 
groups, F (2, 33) — 28. Further, 
there were no significant differences in 
recall of preexperimental associations 
to either the high-frequency or the 
low-frequency stimuli, F (2, 33) = .07 
and .45, respectively. Within each 
group, probability of recall decreased 
over the first three levels of associative 
Strength, and then became irregular. 
Mean recall of the first response to 
each stimulus was 8.92, 9.00, and 9.58, 
for Groups 1, 2, and 3, and an F of 
1.88 still indicated no unlearning even 
for primary associates. In fact there — 
were no noteworthy differences across — 
groups at any level of associative 


Of 165 intrusion errors committed in 
learning both lists (by both Groups 1 
and 2) 157 were intralist response. Of - 
the remainder, 6 were intralist stimu- 
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lus, 1 was unintelligible, and the other 
was a distortion of the correct word. 
Thus, no known extralist preexperi- 
mental associates intruded themselves, 

The above results provided no sup- 
port for the hypothesis that extralist 
preexperimental associations must be 
unlearned for a competing list to be 
memorized. However, under the same 
conditions, a prescribed list suffered 
unlearning through the competition of 
a subsequent list. Since extralist asso- 
ciates did not intrude, it might be 
argued that they had no opportunity 
to be unlearned, Therefore, another 
experiment was performed under con- 
ditions where competing preexperimen- 
tal associations were intralist. In light 
of evidence for a “selector mechanism” 
(Underwood & Schultz, 1960, p. 305), 
which recognizes that extralist intru- 
sions are rare in'verbal learning, a test 
involving intralist competing associa- 
tions was essential? 

The design of Exp. II was basically 
that of Exp. I, with two changes. The 
first was in the free-association phase, 
where S was now allowed to repeat 
an associate previously given. A set 
against repetition of earlier responses 
might otherwise have been established 
(as in Exp. I), and carried to pre- 
scribed learning. If extinction requires 
unreinforced emission of responses, 
such a set might have worked against 
unlearning, Another change was in the 
construction of the lists. Each list had 
the same stimuli that were used in 
the free-association phase, but the re- 
sponses were determined by each S's 
individual associations. The first list 
had as responses the first 

2The importance of intralist preexperi- 
mental E was reiterated 
by Underwood (1964) :“. .. ifa verbal unit 
not in the list is strongly associated with one 
in the list, the amount of interference it pro- 
duces is less than for a unit which is equally 
strongly associated and is in the list [p. 58]." 


given by S, but paired with other 
stimuli. If the free associates are desig- 
nated A-P, the first list would be A-Pr, 
The second list was also A-Pr, using 
the second associates. Thus, the strong- 
est preexperimental response would 
necessarily be included in the lists, and 
not be cut out by a selector mechanism. 


ExrERIMENT II 


significant difference in learning List 1, 
1(22) = 17. Significant unlearning of 
List | occurred as a function of inter- 
ference from List 2, 1((22) = 5.68, p < 
01. Relative retroactive inhibition was 
37.8%. The mean number of different 
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associates given was 19.17, 20.00, and 
18.50, for Groups 1, 2, and 3, F (2, 33) 
= .20, with no difference in their re- 
calls, F (2, 33) = .24. Nor was there 
a difference at recall as a function of 
high- or low-frequency stimuli, F (2, 
33) = .16 and .50, respectively. Mean 
recall of primary associates was 9.75, 
9,50, and 9,58, for Groups 1, 2, 3, re- 
spectively, Of 546 intrusion errors 
committed in learning both lists (by 
both Groups 1 and 2), 450 were in- 
tralist response with 54 specific to 
their original preexperimental stimuli. 
There were 49 extraneous intrusions 
(including 12 interlist), and the rest 
were intralist stimulus. Thus there 
were numerous overt competing re- 
sponses and ample opportunities for 
their unlearning. 

Clearly, Exp. II produced no evi- 
dence that intralist preexperimental as- 
sociations were unlearned following in- 
terfering learning, but they showed that 
under the same conditions, a prescribed 
list was substantially unlearned. Fail- 
ure to detect retroactive inhibition of 


more sensitive measure, It was felt 
that latencies might indicate a weak- 
ening effect as a result of direct inter- 
ference. Accordingly, Exp. III meas- 
ured reaction latencies of primary as- 
sociates to stimulus words, which 
associates were then re-paired for pre- 
scribed learning, followed by latency 
measures at recall of the original asso- 
ciates. A control group without pre- 
scribed learning provided the necessary 
comparisons, The design embodied the 
A-P, A-Pr paradigm of Exp. II, which 
theoretically provided maximum op- 
portunity for weakening of intralist 


intrusions. Increased recall latencies 
would be evidence for weakening of as- 
sociations. 
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ExPERIMENT III 


Method.—Thirty-six students of general 
psychology at the University of Vermont 
served as naive Ss, divided into two groups. 
of 18. Each S gave one associate to each of 
14 words, Response latency was measured 
to the nearest hundredth of a second on a 
Standard electric timer. The words were 
two-syllable nouns of low Thorndike and 
Lorge frequency (1-3 in L count), from lists 
used by Postman (1962a), and were shown 
on separate cards. The experimental group 
learned an interfering list of paired associates 
by the method of alternate training and test- 
ing trials to a criterion of two consecutive 
errorless trials. This list had the same 
stimuli as in the free-association task, and 
responses were associates given by S re- 
paired. The control group had a rest ac- 
tivity (Meier art judgment test) for 20 min, 
Then, both groups recalled their original 
Associations to the stimuli, with latencies 
measured, 


Results.—Mean original response la- 
tencies of 2.76 sec. and 2.93 sec. (SD 
= 86 and 1.02) for the experimental 
and control groups, respectively, did 
not differ statistically, ((34) = .53, p 
>.05. Mean recalls of original asso- 
ciations were 13.17 and 13.39 (SD = 
91 and .74), again showing no differ- 
ential unavailability. Of 202 intrusion 
errors committed in learning, 182 were 
intralist response, of which 24 were 
specific to their original preexperimen- 
tal stimuli, The remainder were intra- 
list stimulus, with no extraneous errors. 
There were thus ample opportunities 
for weakening of inappropriate asso- 
ciations. Nevertheless, mean latencies 
of correctly recalled free associates 
were 1.82 sec. and 1.70 sec. (SD= 
.64 and .57) for the experimental and 
control groups, respectively. The dif- 
ference was statistically insignificant, 
1(34) = .60, p > .05. Nor did a com- 
parison of difference scores between 
original and recall latencies show any 
effect, t(34) = .47. These data offer — 
no confirmation for the hypothesis that 
preexperimental associations were even 
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weakened after a competing learning 
task. 


Discussion 


The outcomes of these experiments 
point to the conclusion that, since no de- 
monstrable unlearning or even weakening 
of preexperimental associates occurred 
after competing prescribed learning, the 
Underwood and Postman (1960) hy- 
pothesis is without direct support. 

If the natural associations were not ex- 
tinguished, what happened to them dur- 
ing prescribed learning? Evidently they 
were simply inhibited. They were recog- 
nized as inappropriate to their original 
stimuli in the context of the new task 
and were quickly withheld from utterance 
to those stimuli, but remained available 
for recall. This differential probability of 
utterance reflected a differentiation based 
upon contextual cues which delineated 
the learning situation from the recall 
situation. The learning context was the 
$^ where emission of the natural response 
was not reinforced, and the recall con- 
text was the SP where it was appropriate. 
The thoroughness with which differentia- 
tion among contexts became effective is 
indicated by the rarity of extraneous in- 
trusions in all three experiments, and by 
the rarity of intralist-response intrusions 
of natural associates specific to their 
original stimuli in Exp. II and III. Most 
of the latter were to stimuli other than 
the preexperimental ones, in accord with 
the changed task requirements. If un- 
learning had occurred, the original asso- 
ciations would have been unavailable in 
the recall context, or at least have had 
longer latencies. 

The distinction between differentiation 
and unlearning has critical relevance to 
the Underwood and Postman position. 
Those authors have hypothesized that 
after learning of a list, extinguished natu- 
ral associations will recover spontane- 
ously and provide interference with re- 
call of the list. However, if preexperi- 
mental associates are not extinguished, 
but only inhibited, there is nothing from 
Which to recover, and therefore the spon- 
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taneous recovery assumption is untenable 
as an explanation for forgetting. In fact, 
there is no convincing and consistent evi- 
dence for true spontaneous recovery of 
verbal associations (Koppenaal, 1963; 
Slamecka, in press; Slamecka & Ceraso, 
1960). 

Why were the prescribed associates so 
vulnerable to unlearning? The different 
fates of prescribed vs. natural associates 
can be attributed fundamentally to their 
different strengths. The preexperimental 
associates in the above experiments were 
among the strongest ones to those stimuli, 
whereas the prescribed associates were 
far weaker, This is not to say that the 
prescribed associations all involved “raw” 
learning, since many were probably medi- 
ated by preexperimental connections. But 
on the average it is likely that the pre- 
scribed associates were much weaker than 
the older, preexperimental ones, Assum- 
ing that resistance to extinction is a posi- 
tive function of associative strength, the 
experimental data can be explained as 
follows. The natural associates, being 
very strong, could be sufficiently differ- 
entiated from the prescribed list context 
and inhibited before any appreciable un- 
learning of them occurred. Their strength 
tended to assure that many extinction 
trials would have been needed to produce 
unlearning. However, differentiation took 
place before extinction could be accom- 
plished, thus effectively removing the as- 
sociations from any further possibility of 
unlearning, no matter how many more 
competing lists were given. 

In contrast, the prescribed first-list as- 
sociations were relatively weaker at the 
end of learning, and nedeed few extinc- 
tion trials to render them unavailable. 
Thus, they were not all able to be dif- 
ferentiated from the second-list context in 
sufficient time to prevent a substantial 
number from being unlearned, The rest 
were differentiated and remained avail- 
able at recall. The great vulnerability of 
weak associations to unlearning can be 
inferred from the data of Barnes and 
Underwood (1959). An eight-pair list 
was learned to bare mastery, followed by 
a competing list. After only one antici- 
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pation trial on the competing list, recall 
of first-list associates was down to 6.67 
items, compared to an expected control 
recall of 8 (judged from an obtained con- 
trol recall of 7.75, taken after a 13-min. 
period). Associative strength is thus a 
probable determiner of the time available 
for differentiation, before unlearning ob- 
literates the association. 

It is well known that susceptibility to 
retroactive inhibition is a negative func- 
tion of first-list strength. It is also known 
that increased second-list learning in- 
creases retroactive inhibition only up to 
a point Even with large numbers of 
second-list trials, first-list recall is never 
completely obliterated (Slamecka & Cer- 
aso, 1960). The assumption that differ- 
entiation of an item makes it resistant to 
unlearning could accommodate such ob- 
servations. On the other hand, any fac- 
tor which makes differentiation difficult 
should decrease recall. Increased simi- 
larity might be one, and it is known that 
interference rises with more similar con- 
texts, whether at the level of stimulus- 
items, testing procedures, or extra-list en- 
vironments (Slamecka & Ceraso, 1960). 
It also follows that correctly recalled 
items should be correctly differentiated 
as to context. Barnes and Underwood 
(1959), Koppenaal (1963), and Slamecka 
(in press), have all reported that when a 
response was remembered its list mem- 
bership was almost always properly iden- 
tified. Such facts are certainly consistent 
with this rationale, and suggest that the 
differentiation concept deserves further 
consideration, 
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EFFECTS OF FORMAL SIMI 


LARITY ON CUE SELECTION 


IN VERBAL PAIRED-ASSOCIATE LEARNING* 


JEAN CARL COHEN ann BARBARA S. MUSGRAVE 
Smith College 


Sets of 6 nonsense syllables each having high formal similarity (H) or 
low formal similarity (L) were combined to form 6 2-element stimuli, 
where each compound stimulus consisted of 1 element from each set. 
Undergraduate women learned paired-associate lists with these com- 
pound stimuli as stimulus members and single letters as responses. In 
acquisition, lists composed entirely of L elements were learned most 
rapidly, lists composed 3 of H elements and 3 L elements were learned 
2nd most rapidly, and lists composed entirely of H elements most 
slowly. In transfer, when the elements were taken out of the com- 
pounds and presented separately, there were more correct responses to 
elements from L sets than from H sets; and to elements which had been 
in lst rather than 2nd position in the acquisition compounds reading 


left to right. 


Cue selection is a mechanism pro- 
posed to account for stronger associa- 
tions between responses and particular 
elements in compound stimuli rather 
than other elements, If each of the 
stimulus terms of a paired-associate 
list consists of two distinct elements 
presented together as a compound, it 
sometimes happens that, when the two 
elements are presented singly in a 
transfer task, more correct responses 
are given to one of the elements than 
to the other. One of the elements has 
been "selected" or has become the 
functional stimulus (Underwood, 1963). 

Attributes of stimuli can be varied to 
discover those which influence cue se- 
lection. One such attribute, when both 
stimulus elements are verbal, is mean- 
ingfulness (Cohen & Musgrave, 1964; 
Spear, Ekstrand, & Underwood, 1964). 


1This investigation was supported by a 
Public Health Service research grant, MH 
08156-01, from the National Institute of Men- 
tal Health, Public Health Service. Data 
were collected by Gertrude Ahearn, Julie 
Ann Hagstrom, Marilyn Ingellis, and Hilda 
MacArthur. A pilot study was conducted 
by Margaret Stewart and Nancy Bishop. 
Thanks are due to A. E. Goss for his criti- 
cal reading of the manuscript. 


Another attribute, suggested by re- 
search with single-stimulus verbal lists, 
is relative formal similarity among the 
elements making up the stimulus com- 
pounds. For example, consider a six- 
pair list with each stimulus term con- 
sisting of two nonsense syllables one of 
which has high formal similarity (H) 
with other syllables appearing as stimu- 
lus elements, and one of which is rela- 
tively unique, i.e., has low formal simi- 
larity (L) with other stimulus syl- 
lables. In other words, two sets of six 
syllables each, an H set with maximum 
repetition of letters and an L set with 
minimum repetition, are paired one-to- 
one to make six compound stimuli. 
Under such training conditions, might 
not the Ss discriminate the relatively 
unique syllable in each compound 
stimulus and associate this with the re- 
sponse, ignoring the hard-to-discrimi- 
nate, formally similar syllable? New- 
man and Taylor (1963) demonstrated 
that context elements (in this case 
colors) are better learned when they 
accompany H nonsense syllables than 
when they accompany L nonsense syl- 
lables. The present two studies ex- 
plored the effects of stimulus similarity 


829 


830 


on cue selection when both stimulus 
elements in the original compound were 
verbal, 

An additional hypothesis to be tested 
concerned the position of the element 
in the compound. In the Cohen and 
Musgrave (1964) study, low meaning- 
ful elements in first position in the 
stimulus compounds, reading from left 
to right, were more likely to be as- 
sociated with the response than low 
meaningful elements in second position. 
In the present studies position was 
varied in three ways: all six elements 
of each H set or L set were consist- 
ently in first position, consistently in 
second position, or were divided ran- 
domly into two groups with three ele- 
ments appearing in first position and 
the other three in second position, 

In the two experiments reported here 
acquisition conditions were identical 
but transfer lists differed, In transfer, 
the elements from the compound stimuli 
were presented alone, each paired with 
its appropriate acquisition response. In 
Exp. I, elements from one set only 
Were presented. A comparison was 
made of the number of correct re- 
sponses given by Ss receiving one set 
of elements to the number of correct 
Tesponses given by a second group of 
Ss receiving the other set of elements, 
Such a comparison can demonstrate the 
cue-selection phenomenon ; it does not, 
however, permit observation of other 
selection patterns which might involve 
selection of elements from both sets, 
Experiment II was designed to get at 
such selection by presenting 
all 12 elements from the six acquisi- 
tion compounds, Thus, both elements 
from all acquisition compounds were 
presented singly in transfer, 

It was hypothesized, then, that in 
transfer, when stimulus syllables previ- 
ously appearing in acquisition com- 
pounds were now presented alone, 
more correct responses should occur to 
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L elements than to H elements, and to 
first-position elements than to second- 
position elements. 


METHOD 
Design 


Acquisition—Eight acquisition conditions 
were used in Exp. I. In six of these the 
stimulus terms were compounds, each made 
up of two consonant-vowel-consonant syl- 
lables (CVCs). In two control conditions, 
the stimulus terms were single CVCs. 

H and L sets of CVCs were constructed 
and combined to form the compounds for the 
six experimental conditions. Combining sets 
of H or L elements in all possible ways, 
where each set of elements was consistently 
in first or in second position in all com- 
pounds, generated four conditions : HH, HL, 
LH, LL. Thus, in the HH condition two 
sets of H elements were combined, each set 
having high intralist similarity, but members 
of the two sets were not similar to each 
Other. Elements from one H set were in 
the same position in all compounds, either 
always in first position or always in second 
position. Similarly, for the HL and LH sets, 
sets of H elements were combined with sets 
of L elements, with the H elements placed 
all in first position in the HL condition and 
all in second position in the LH condition, 
An example of an HL stimulus list for ac- 
quisition is given on the upper left of Table 
l In the LL condition, two sets of L ele- 
ments were combined. In this condition, an 
L set is consistently in one position in all 
Compounds; however, as one L set has no 
feature in common among the set members 
to differentiate it as a set from any other L 
set, designating the group of L elements in 
one position as a “set” is simply a con- 
venience, 

In two additional conditions the H ele- 
ments did not occur consistently in one po- 
sition in all compounds; instead, H elements 
Írom one set appeared in first position in 
half the compounds and in second position 
in the other half of the compounds. 

bining two sets of H elements in this 
manner makes half the elements of one H 
set appear in first position and the other half. 
of the elements in that set appear in second 
Position, Elements of the other H set have 
the reverse positioning. This condition is 
designated H/H. A set of H elements com- 
bined with a set of L elements with mem- 
bers of both sets appearing in both positions, 
is accomplished by, again, letting half the H 
elements occur in first position and the other 
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TABLE 1 


EXAMPLES OF STIMULUS TERMS FOR TWO ACQUISITION CONDITIONS AND 
FOR THEIR TRANSFER Groups (Exp. I) 


Acquisition 


Cond, 


HL RYG TEP 


H/L 


half in second position, with L elements hav- 
ing reversed positions. The notation for this 
condition is H/L. An example of one H/L. 
stimulus list appears in Table 1. 

There was no L/L condition since, as 
noted above, a group of L elements when 
combined with other L elements do not con- 
stitute a “set” in any but an arbitrary sense, 
hence in terms of design an L/L condition 
would not differ from an LL condition. The 
single stimulus control conditions in Exp. I 
consisted of single sets of H CVCs and single 
sets of L CVCs. 

_In Exp. II, there were six acquisition con- 
ditions. They were duplications of the Exp. 
I conditions in which the stimulus terms were 
compounds. The single H and L acquisition 
conditions in Exp. I were omitted in Exp. II 
because they could not provide 12-pair trans- 
fer lists. 

Transfer.—In Exp. I, for all acquisition 
conditions with compound stimulus terms, 
there were three transfer groups. Two of 
these transfer groups received single ele- 
ments, one element from each acquisition 
compound; one transfer group received one 
H or L set of CVCs and the second transfer 
group received the other set of H or L CVCs 
(see Table 1). The third transfer group 
Served as a control and continued to receive 
unchanged the stimulus compounds presented 
during acquisition. In the HH and LL con- 
ditions, one transfer group received the H 
or L elements which had been in first posi- 
tion in the acquisition compounds, and the 
second transfer group received the H or L 
elements which had been in second position. 

The single H and L acquisition groups 


Transfer 


H/L-H/L 


BYR VOS 


continued to receive the acquisition stimuli 
in transfer unchanged. 

Transfer in Exp. II consisted of the pres- 
entation singly of all 12 elements which had 
previously been combined in the acquisition 
compound. The transfer lists thus were 
twice as long as the acquisition lists had 
been, and, as the appropriate responses were 
presented here also, each response occurred 
to two CVCs. The control transfer groups 
of Exp. I which continued to receive the 
compounds unchanged, were omitted in Exp. 
II as they were no longer comparable to the 
experimental transfer conditions in length of 
list. 

Hyphenated letters are used to specify the 
various transfer conditions in Exp. I and II 
(see Table 1). The letters preceding the 
hyphen indicate the stimulus conditions used 
in training and the letters after the hyphen 
the stimulus condition used in transfer, In 
the H/H transfer groups, H/H-Hse« ı and 
H/H-Hs« n refer simply to the two H sets, 
neither of which has occurred consistently in 
one position during training. 

Correct responses for some Exp. II trans- 
fer conditions are counted in two separate 
ways; these tabulating procedures and the 
notations used for them will be given in 
the Results section. 


Lists 

For training, six-pair lists were used with 
the following single letters as responses: N, 
J, Q, X, D, F. The six response letters did 
not occur in the stimulus syllables. 

Four H sets of CVCs were constructed, 
and eight L sets, of six CVCs each. All H 
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TABLE 2 


STIMULUS LISTS WITH ARCHER ASSOCIATION 
VALUES IN PARENTHESES 


High Similarity Sets 
Hi H: Hs Ha 
Gyr (40) | Luw (39) | Luw (39) | cex (40) 
RYB (58) | WUT IE wus (65) | mec (67) 
BYG (49)| wur (53) | sur (60) | cEM (63) 
BYR (52)| LUT (54) | rus (63) | Kem (64) 
RYG (47)| TUL tan) WUL (53) | MEK (53) 
cys (37) | ruw (38) | suw (35) | Kec (34) 
Mean Mean Mean Mean 
47.1 50.0 52.5 53.5 
Low Similarity Sets 
Li L: Ls m 
can (40)| vyK (39) | rvz (39) | ziv (n. 
WEK (58) | RIV A vır (65) | RAL (67 
muz (49) | rog (52) | BIK un cos (63) 
vos (52)| ces (57) | Hov (63) | maB (64) 
TEP (45)| GOM ERI CAG 30 PYT (53 
zıl (37)| Baz (38) | MEP (36) | suw Il 
Mean Mean Mean Mean 
46.8 50.3 53.2 53.5 
Ls Le Li Ls 
Gis (39)| cuw (63) TOZ (40) | GuB (40) 
ceM (63)| Lyz (63) | ces tes) RIZ (66) 
pyr (50)| mas (50) | BrK (62) | vom (62) 
BOH (53)| vir (53) | PYL (64) | KAV ( 
TUL (47)| pov (45) | cac (54) | LER (53) 
ZAK (37)| TEG (37) | HUV (33) TYS (33) 
Mean Mean Mean Mean 
48.2 47.7 53.0 53.0 


and L sets are presented in Table 2. The 
CVCs of each H set were composed of one 
vowel and 3 consonants, each consonant oc- 
curring twice with each of the other 2 conso- 
nants and twice in first and twice in third 
position within the syllables. The CVCs of 
L Sets 1-4, each consisted of five vowels 
and 11 consonants, one vowel and 1 conso- 
nant being repeated within each set. The 
CVCs of L Sets 5-8, each consisted of six 
vowels and 12 consonants, with no repetition 
of vowels or consonants within any set. 

All CVCs were of moderate (Archer, 
1960) association value (AV): AV values 
for the syllables and mean AV for each set 
are given in Table 2. The lists varied 
slightly in within-list range of AV; gener- 
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ally, the syllables ranged from 32 to 69, 
Overall mean AV for the four H sets is 
50.8; mean AV for the eight L sets is 50.7. 
For any two sets to be combined, the AV 
values of the elements were matched as 
closely as possible, item-to-item, so that the 
lists provided minimal opportunity for cue 
selection on the basis of AV. 

The four H lists were combined to con- 
struct compounds for the HH and H/H con- 
ditions. Hı and Ha were combined and Hs 
and H, combined. To counterbalance for 
position in the HH condition four list com- 
binations were used: HF; Hs», H-H, HsH, and 
H.Hs. For the HL, LH, and H/L condi- 
tions, the H sets were combined with L Sets 
1-4, to give four list combinations for each 
group. For the HL group, the four lists 
were: HiL;i Hele, HL; Hils. Each of 
these set combinations was reversed in posi- 
tion for the LH group, and unconfounded 
with position for the H/L group. 

It would have been desirable to have used 
L Sets 1-4 in combination for the LL condi- 
tion. It proved too difficult to construct L 
lists, however, which could be combined both 
with an H set and another L set and still 
meet the various requirements for similarity 
and comparable AV. (For example, com- 
bining La with L, would have made TYZ ZIV 
as one stimulus compound.) Therefore, four 
additional L sets were constructed for the 
LL conditions, L Sets 5-8 in Table 2. L Sets 
5 and 6 were combined and Sets 7 and 8, 
to give, when counterbalanced for position, 
four lists in all for the LL condition: LsL 
LL; LiLs and LeL. 

For any two H sets combined, or H and 
L sets combined, there was no duplication 
of vowels or consonants between the sets. 
For two L sets combined, there was of ne- 
cessity a duplication of letters between the 
sets, since each set used 12 consonants and all 
six vowels. Insofar as possible, the dupli- 
cation was kept to a minimum. Two CVCs 
of any compound had no letters in common. 

In Exp. I, the four H sets were used as 
lists for the H acquisition groups, and the 
four L Sets 5-8 were the lists used for the 
L acquisition group. 

Four random orders of each training list 
and each transfer list in both experiments 
were used. In Exp. I, the transfer lists were 
the appropriate H or L sets from the acqui- 
sition lists. For example, Ss in the HL-H 
transfer group who had received Hil; in 
acquisition, received Hi in transfer. In Exp. 
II, where all 12 CVCs from the acquisition 
compounds were presented in transfer, half 
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the transfer lists began with a CVC from one 
set from the acquisition compounds and half 
the lists with a CVC from the other set from 
the acquisition compounds. 


Procedure 


The 20 different combinations of training 
and transfer conditions in Exp. I were sched- 
uled randomly with the stipulation that each 
condition should occur once before any 
should occur twice. The six training- 
transfer groups in Exp. II were also sched- 
uled randomly in this manner. Experiment 
II was conducted approximately 1 mo. after 
Exp. I was concluded. All details of proce- 
dure for the two experiments were identical. 

Assignment of Ss to conditions was in 
order of appearance. Following standard 
paired-associate instructions for the antici- 
pation method, which informed S of what 
the response letters would be, the six paired 
associates were presented at a 2:2:4 rate to 
each S individually on a Stowe memory 
drum. 

When S had reached the training criterion 
of two consecutive perfect trials, the drum 
was stopped, a transfer list was attached on 
top of the training list, S was given a ready 
signal, and the drum was started again at the 
same rate. One more training trial, called 
the Postcriterion Trial, followed the inter- 
ruption to absorb the disrupting effects of the 
interruption as much as possible, and then, 
without further interruption or instructions, 
four transfer trials were run. Transfer 
Trial 1 was a recall trial, but, as the correct 
response was revealed on this trial following 
each stimulus, the remaining three were 
learning trials. 


Subjects 


In Exp. I, 160 undergraduate women, naive 
to verbal-learning experiments and for whom 
English was their native language, served in 
the experiment as part of a course require- 
ment, Twenty different groups of Ss were 
used for transfer conditions, with 8 Ss in 
each group. Data for 9 additional Ss were 
discarded, as the Ss failed to reach criterion 
in 80 acquisition trials. Six of these had 
received the HH acquisition conditions, two 
the LH condition, and one the HL condition. 

In Exp. II, 48 paid Ss were drawn from 
the same population used in Exp. I and 
were assigned in order of appearance to one 
of six groups. Data for 2 additional Ss were 
discarded for failure to learn in 80 acquisi- 
tion trials; both Ss had received the HH ac- 
quisition condition. 


RESULTS 

Acquisition 

Means and SDs for number of trials 
to criterion are given on the left in 
Table 3 for Exp. I and II. Formal 
similarity of stimulus elements was di- 
rectly related to number of trials to 
reach criterion in both experiments. 
Of the compound-stimulus groups, the 
HH group took the greatest number of 
trials to reach criterion and the LL 
group the fewest. The mixed groups, 
where the stimulus terms were com- 
posed of H and L elements, and the 
H/H group, which had two H sets 
but where neither set was consistently 
in one position, fell at intermediate 
points between the HH and LL groups. 

Simple analyses of variance across 
the eight training conditions in Exp. I 
and across the six training conditions 
in Exp. II showed significant differ- 
ences: in Exp. I, F(7, 152) = 10.99, 
p < .001, in Exp. II, F(5, 42) = 5.09, 
p<.0l. The Newman-Keuls range 
test indicated that the mean number of 
trials to criterion for the HH group 


TABLE 3 


Mean NuMBER TRIALS TO CRITERION FOR 
ACQUISITION AND MEAN NuMBER CORRECT 
RESPONSES ON POSTCRITERION ‘TRIAL: 


Exp. I AND IT 
—————— 
Acquisition. Poncio 
ee Ue AE e 
Cond. E EX nun Erp: 
M SD M SD M 
HH |49.58 | 15.53 | 55.50 18.62 | 4.83 | 4.88 
H/H | 36.58 | 11.86 34.00 | 16.39 | 5.21 | 5.38 
HL |36.17 | 13.74 | 32.38 | 17.59 4.88 | 5.00 
LH | 30.88 | 12.46 | 24.75 | 7.24 5.29 | 5.38 
H/L | 27.50 | 9.50 27.38 | 10.25 | 5.29 | 5.12 
LL | 22.71| 9.43 23.50 | 8.38 5.08 | 5.38 
H 43.50 | 18.10 5.62 
L 20.00 | 9.46 5.62 


Note.—In all compound stimulus groups of Exp. I, 
N —24. In the single H and L groups of Exp. I and 
all groups of Exp. Il, N = 8. 
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TABLE 4 
MEAN NUMBER Correct RESPONSES ON TEST TRIALS FOR TRANSFER GROUPS 
Exr.I 
Trial All Trials 

NAA 1 2 3 4 M SD 
iti 3.12 12.38 5.27 
HH-H (1st Position) 2.62 3:12 3.50 K ger 

- iti 2.62 3.62 3.62 4.62 14.51 i 
HENS irae 4.88 5.88 5.38 4.75 20.88 2.42 
i- 2.25 3.00 3.12 3.50 11.88 2.47 
HLHS: i 2.25 2.25 2.62 2.25 9.38 A 

H/H-H/ 5.12 5.25 5.38 5.50 21.25 2/ 
3.38 4.00 4.12 3.88 15.38 4.64 
Ho 4.62 4.62 5.00 5.25 19.50 a 

HL-HL 5.12 5.50 5.25 5.62 21.50 x 
- 1.50 2.25 2.38 2.88 8.50 4.64 
LLL 5.50 5.38 5.62 5.75 22.25 b 

LH-LH 5.62 5.88 5.50 5.88 22.88 ; 
1.75 2.12 1.50 2.75 8.12 2.40 
HEL 4.00 4.25 5.25 5.12 18.62 ie 

H/L-H/L 5.25 5.75 5.75 5.62 22.38 di: 
iti 99 

LL-L (1st Position) 4.12 5.00 5.00 5.00 19.12 kh 
-L (2nd Positi 2.25 3.50 3.75 4.00 13.50 5.98 
ER (ide 5.38 5.88 5.75 5.75 22.75 2.05 
H-H 5.50 5.88 5.88 5.38 22.62 .86 
LL 5.75 5.62 6.00 6.00 23.38 .99 


Note,—N = 8 in each transfer group. 


was significantly greater than all other 
compound-stimulus means (p< 01), 
in both experiments. In addition, in 
Exp. I, the LL group took significantly 
fewer trials to reach criterion than did 
the HL and H/H groups ($ < .05). 
The means of the H/H, HL, LH, and 
the H group did not differ significantly 
in either experiment. 

A comparison of number of trials 
taken to reach criterion in the single- 
stimulus groups, H and L, and their 
comparable  double-stimulus groups, 
HH and LL, respectively, was under- 
taken. Although, in absolute values 
each single-stimulus list required fewer 
trials than its comparable double- 
stimulus list, the Newman-Keuls test 
showed that the L group did not differ 
significantly from the LL group and 


the H group did not differ significantly 
from the HH group. 

On the Postcriterion Trial (see the 
right of Table 3) there were no signifi- 
cant differences among acquisition 
groups in number of correct responses, 
in Exp. I, F(7, 152) = 1.39, and in 
Exp. II, F <1. 


Transfer 


Experiment I—Mean number cor- 
rect responses on each transfer trial 
and on all four transfer trials totaled 
for all transfer groups are presented in 
Table 4. 

The main analysis for effects of 
similarity and previous position in the 
acquisition compound was carried out 
for the HH, HL, LH, and LL ex- 
perimental transfer groups only. The 
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single H and L transfer groups and 
the compound-stimulus control groups 
(HH-HH, etc.) were omitted from 
this analysis as they were not orthogo- 
nal to the main effects, The H/H and 
H/L experimental transfer groups 
were also omitted, as the transfer lists 
for these groups consisted of syllables 
which had occurred in both positions 
rather than one position only in the 
acquisition compound. 

A2x2x2x4 mixed analysis of 
variance was performed where the fac- 
tors were Position of the syllables in 
the acquisition compound (first or sec- 
ond), Similarity of the syllables (H or 
L), Type of Acquisition Compound, 
i.e, previous inclusion of the syllables 
during acquisition in unmixed com- 
pounds (HH and LL) or in mixed 
compounds (HL and LH), and Trials. 
Significant main effects were found for 
Position, F(1, 56) 2695, p< 05; 
Similarity, F(1, 56) = 22.51, p < .001 ; 
and Trials, F(3, 168) = 13.04, p< 
.001. More correct responses were 
given to L elements and to elements 
which had occurred in first position. 
Two interactions were significant: 
Similarity x Type of Acquisition Com- 
pound, F(1, 56) = 592, p < .05; and 
Position x Similarity x Type of Ac- 
quisition Compound, F(1, 56) — 5.70, 
p <.05. The first interaction reflects 
the superior performance across trans- 
fer trials of the L elements from the HL 
and LH acquisition groups, and the 
triple interaction indicates that the 
LH-L transfer group performed best of 
the transfer groups. 

Although there were no significant 
interactions involving trials, an analysis 
of Trial 1 alone was performed, be- 
cause it was of interest as a recall trial 
uncontaminated by subsequent learning 
effects. Results on Trial 1 are in sub- 
stantial agreement with those given 
above. 

Additional analyses compared trans- 
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fer groups where similarity had been 
confounded with position to those 
where similarity was not so con- 
founded. Analysis of the HL, LH, 
and H/L transfer groups showed that 
the H elements which had occurred all 
in first position (HL-H) were signifi- 
cantly better learned than H elements 
which had occurred all in second posi- 
tion (LH-H) or half in first and half 
in second position (H/L-H). There 
was no significant difference between 
these latter two groups. 

To determine the effect of consis- 
tency of position of H elements when 
H elements only had been present in 
stimulus compounds, the two H trans- 
fer groups from the HH and the two 
from the H/H conditions were com- 
pared. No significant differences were 
found among these groups for total 
number right in four transfer trials. 

Finally, analyses were undertaken 
comparing the experimental transfer 
groups, where single sets of elements 
only were presented in transfer, to the 
control groups, where the acquisition 
stimuli were continued unchanged in 
transfer. These comparisons were per- 
formed separately for the H groups and 
the L groups. 

For the L groups, when all L ex- 
perimental groups together were com- 
pared to control groups together, the 
number correct for the control groups 
was significantly greater. However, 
individual comparisons of each L 
transfer group to its own control (e.g., 
HI-L vs. HL-HL) as well as to the 
L-L control group showed that only 
one L experimental group had signifi- 
cantly fewer responses: The LL-L 
(second position) group was signifi- 
cantly poorer than the LL-LL and L-L 
groups. 

For the H groups, the experimental 
groups together were significantly 
poorer than the control groups. Also, 
in contrast to the L groups, each indi- 
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TABLE 5 
MEAN NUMBER CORRECT RESPONSES ON TRANSFER TRIALS Ex». II 
Trial All Trials 
itii 1 2 3 4 M SD 
uy 14.50 4.74 
ition)* 3.38 3.12 4.12 3.88 S 
H imm 1.50 1.50 1.62 2.25 6.88 4.28 
Mn 3.10 
2.75 2.62 2.37 2.12 9.88 E 
i |e | Be | AE: 
H/H (1st Position) 2.25 2.75 1 : $ : 
H/H Os Position) 2.12 2.00 1.88 2.12 8.12 5.75 
HL- 
2.00 2.50 2.62 2.12 9.25 5.7 
E 4.25 4.38 4.62 4.50 17.75 4.44 
LH- 
1.38 1.88 1.50 1.62 6.38 2.96 
E 4.88 3.88 4.25 4.12 17.12 2.71 
mr 76 
H 1.88 2.12 2.12 1.75 7.88 1. 
L 3.12 3.62 4.12 4.00 14.88 B 
H/L (1st Position) 3.75 3.88 4.38 3.62 15.62 3 
H/L (2nd Position) 1.25 1.88 1.88 2.12 7.12 e 
LL- 
L (1st Position’ 3.88 4.38 3.88 3.88 16.00 4.77 
L on Position) 2.62 2.75 3.38 3.50 12.25 4.09 


^N = 8 in all transfer roups, each of which received a 12-pair list, yo groups of 6 elements from the 12-pair 


lists are presented separa! y for comparison with the 6-pa; 


vidual H experimental group gave sig- 
nificantly fewer correct responses than 
did its own compound-stimulus control 
group or than did the H-H group. 

Experiment IL—Each transfer list 
in Exp. II consisted of all elements 
from the acquisition compounds singly 
presented. Means for number of cor- 
rect responses for all transfer trials and 
for four transfer trials totaled are pre- 
sented in Table 5, 

Correct responses to each similarity 
set and, in the case of the HH and LL 
groups, the sets which had occurred in 
first and second position during train- 
ing, were separately counted, Thus, 
means for each of the two Six-pair sets 
on the same transfer list (eg., HL-H 
and HL-L) are based on data from Ss 
who received both Six-pair sets in a 
single 12-pair transfer list. For the 


ir lists of Exp, 


H/H and H/L groups, the number of 
Correct responses was tabulated both 
by position and by set. For example, 
the H/H transfer group gave a mean 
number of 4.37 total correct responses 
on the first transfer trial: When these 
were counted in terms of the H set of 
Which the stimulus was a member, they 
divided into 2.75 correct responses to 
Hseer and 1.62 correct responses to 
Hsec 13 when counted in terms of pre- 
vious position of the stimulus in the 
compound, they divided into 2.25 cor- 
rect responses to elements which had 
been in first position and 2.12 correct 
responses to elements which had been 
in second position. 

A comparison of Exp. I and II 
showed that smaller numbers of correct 
Tesponses were given on the 12-pair 
lists of Exp. IT than on the six-pair 
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lists of Exp. I when the numbers cor- 
rect for the two appropriate six-pair 
lists were summed, for all but the LL 
condition. 

Analyses of the effects of position 
and of similarity were undertaken on 
these data, and the findings were in 
substantial agreement with those of 
Exp. I. Main effects of Similarity and 
Position were both highly significant 
(p < 001). 

To examine possible selection pat- 
terns, correct and incorrect responses 
to each of the 12 elements were sepa- 
rately tabulated for each S. 

The number of compounds for which 
both elements were correct was ob- 
tained for the first transfer trial, as this 
would give an indication of the extent 
to which Ss did not cue select. Fifty- 
eight percent of the Ss did respond cor- 
rectly to both elements of one or two 
compounds, the remainder getting both 
elements of no compound correct. 
Overall, both elements were recalled to 
13% of the total 288 compounds. 

Slightly more compounds were re- 
called by the LL transfer group than 
the other groups: 12 compounds were 
recalled by 7 Ss in the LL group, 5 Ss 
recalling 2 compounds each, and 2 Ss 
recalling one each. In the H/H trans- 
fer group, only 3 Ss recalled one com- 
pound each. Other groups were inter- 
mediate. Whether this indicates sim- 
ply more extensive learning in the 
easier LL condition, perhaps due to 
less need for cue selection, or whether 
it indicates an interaction between simi- 
larity and stimulus chaining is unana- 
lyzable within this design. 

No consistent selection patterns were 
revealed by further examination of 
individual patterns of responding, other 
than the cue selection bases previously 
isolated in the main analyses. An occa- 
sional S consistently responded cor- 
rectly to all elements which had ap- 
peared in second rather than first posi- 


tion in the acquisition compound ; and 
a rare S learned all elements from one 
H set even though the elements of this 
set had not occurred consistently in one 
position (i.e, an H set from the H/H 
or H/L condition). 


DISCUSSION 


Consistent results from these two ex- 
periments indicate that in paired-associate 
learning where the stimulus terms are 
two-element verbal compounds, formal 
similarity among the elements is a vari- 
able which significantly influences cue 
selection. If a set of elements with high 
intralist similarity is combined with a set 
of elements of low intralist similarity, so 
that each stimulus compound includes one 
element from each set, stronger associ- 
ations develop between the responses and 
L elements of the compounds than H 
elements of the compounds. 

A second variable found to influence 
cue selection is position of the element in 
the compound. Elements in first position, 
reading from left to right, are likely to 
be better learned than elements in second 
position. 

For three acquisition groups, HL, LH, 
and H/L, the stimulus compounds in- 
cluded sets of both H and L elements so 
that Ss had a selection choice in terms 
of degree of similarity. The L elements 
were more frequently selected, regardless 
of their position in the compound, Posi- 
tion in the compound did make a differ- 
ence, however, in the learning of the H 
elements. In Exp. I, the H set which had 
occurred in first position, ie, H elements 
from the HL group, were better learned 
than were H elements from the other two 
conditions, in which they had occurred in 
second position, or half in first and half 
in second position. 

A similar result was found when mean- 
ingfulness of the syllables was varied 
(Cohen & Musgrave, 1964). When 
CVCs of low meaningfulness were in 
first position in the stimulus compounds, 
they were better learned than when they 
were in second position. It seems pos- 
sible that what is happening here is that 
Ss have a strong tendency to learn ele- 
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ments in first position in the initial stages 
of learning and only in later trials learn 
elements in second position, which ele- 
ments, if they are more discriminable, 
are then learned better than the first- 
position elements. This possibility would 
account also for the greater number of 
trials taken to reach criterion in the HL 
groups than in the LH groups in the 
present experiments. 

Replicated findings concerning the ac- 
quisition phase of these two studies not 
only extend the finding of previous re- 
search that stimulus similarity is an im- 
portant variable in the learning of paired- 
associate lists from the single to the com- 
pound stimulus case (L to LL, H to 
HH), but also extend previous work by 
adding a variety of mixed groups with 
intermediate results (eg. HL falls be- 
tween HH and LL). 

In acquisition, significant differences 
were not found between number of trials 
to criterion for H vs. HH conditions, nor 
for L vs. LL conditions, consistent with 
findings by Cohen and Musgrave of no 
difference between single-stimulus and 
two-element stimulus lists when stimulus 
meaningfulness was varied, However, 
absolute differences for these four condi- 
tions across both similarity and meaning- 
fulness, and significant differences found 
by Musgrave and Cohen (1964) using a 
32-pair mixed Single and two-element list 
with words as stimuli, were consistently 
in the direction of greater difficulty for 
the pairs with compound stimuli. Paired- 
associate learning with three-word stim- 
uli has been found to be significantly 
poorer than that to single-word stimuli 
(Horowitz, Lippman, Norman, & Mc- 
Conkie, 1964). 

Experiment IT was undertaken to dis- 
cover if other selection Procedures were 
present in addition to those based on simi- 
larity or position of the elements. For 
this purpose, all 12 elements from the 
original six compounds were given in 
transfer. Slightly more than half the Ss 
gave correct responses to both elements 
of one or two compounds which may indi- 
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cate that independent association to both 
elements developed during learning, or 
that stimulus elements were associated 
with each other and could thus mediate 
transfer performance. No consistent, 
general selection patterns were found, 
however, other than those predicted and 
previously discussed, although an occa- 
sional S$ learned all second-position ele- 
ments rather than first-position elements 
or learned all elements from an H set 
rather than L elements which also were 
available. 

Comparing experimental and control 
transfer groups from Exp, I, it was found 
that unchanged stimuli elicited more cor- 
rect responses than reduced stimuli, al- 
though the individual experimental vs. 
control group differences generally were 
significant only for the H sets. 


REFERENCES 


Arcurr, E. J. A Re-evaluation of the mean- 
ingfulness of all possible CVC trigrams. 
Psychol Monogr., 1960, 74(10, Whole 
No. 497). 

Comen, J. C, & Muscrave, B. S. Effect of 
meaningfulness on cue selection in verbal 
paired-associate learning. J. exp. Psychol., 
1964, 68, 284-291. 

Honowrrz, L. M., LIPPMAN, L. G., NORMAN, 
S. A, & McConxiz, G. W. Compound 
stimuli in paired-associate learning. J. 
exp. Psychol., 1964, 67, 132-142. 

Muscrave, B. S., & Conen, J. C. Effects of 
two-word stimuli on recall and learning in 
a paired-associate task. J. exp. Psychol, 
1964, 68, 161-166. 

Newman, S. E., & Taytor, L. R. Context 
effects in paired-associate learning as a 
function of element-sharing among stimu- 
lus terms. J. verbal Learn. verbal Behav., 
1963, 1, 243-249, 

Spear, N. E, ExsrRAND, B. R, & UNDER- 
Woop, B. J. Association by contiguity. J. 
exp. Psychol., 1964, 67, 151-162. 

Unperwoon, B. J. Stimulus selection in 
verbal learning. In C. N. Cofer & B. S. 
Musgrave (Eds), Verbal behavior and 
learning, problems and processes. New 
York: McGraw-Hill, 1963. Pp. 33-48. 


(Received February 1, 1965) 


Journal of Experimental 
1966, Vol. 71, No. 6, 83! 


FIRST-LIST RETENTION 


Psycholog: 
oes 


AND TIME AND METHOD 


OF RECALL* 


JOHN P. HOUSTON 


University of California, Los Angeles 


In an attempt to demonstrate (a) spontaneous recovery, and (b) an 
increasing difference, over time, between the amounts of RI obtained 
with the MMFR and Conventional anticipation recall methods, 1st- 
list retention following A-B, A-C learning was measured at retention 
intervals of 1 min., 1 wk, and 2 wk. The MMFR and Conventional 
methods were used at all intervals. The results failed to support the 
spontaneous recovery hypothesis. Under the MMFR method, Ist-list 
retention failed to display, over the intervals, either an absolute gain 
or an increase relative to a single-list control. The prediction of an in- 
creasing difference between the amounts of RI obtained with the 2 
methods was supported when RI was measured in terms of percentages 
but not when measured in terms of absolute numbers of items lost. 
The increasing difference appeared to be associated with increasing RI 
in the Conventional conditions rather than with decreasing RI in the 


MMER conditions. 


Changes in first-list strength as a 
function of time are of considerable 
concern for interference theories of for- 
getting. Immediately following A-B, 
A-C paired-associate learning, A-C re- 
call has been shown to be superior to 
A-B recall (Underwood, 1948). As 
the retention interval increases this dif- 
ference decreases until, at intervals of 
24 hr. and more, first-list retention ap- 
pears to be as good as second-list reten- 
tion. Underwood (1948) has sug- 
gested that these changes in the rela- 
tive strengths of first- and second-list 
associations are due to the spontaneous 
recovery of the first-list associations. 
As the retention interval increases, 
first-list recall scores are presumably 
inflated by this recovery while second- 
list recall scores are reduced through 


1This work was supported by a research 
grant (MH 10612-01) from the National 
Institute of Mental Health, Public Health 
Service, and by a faculty research grant from 
the University of California. The author 
wishes to thank Louise DeFraga Morony for 
E assistance in collecting and analyzing the 
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the competing effects of the recovered 
first-list associations. A test of the re- 
covery hypothesis would involve a 
demonstration of either an increase in 
A-B recall as the retention interval in- 
creased or an improvement in A-B re- 
call relative to the recall of a single 
A-B list. The conventional anticipa- 
tion recall method is not suitable for 
these kinds of tests because, with this 
type of technique, any recovery of the 
A-B associations may be masked by 
the effects of a corresponding loss in 
list differentiation. Competition and 
confusion with second-list associations 
may increase as recovery increases, re- 
sulting in the often noted stability of 
RI effects over time (Slamecka & 
Ceraso, 1960). An adequate test of 
the spontaneous recovery hypothesis 
would involve an A-B recall measure 
free from list differentiation and com- 
petition effects. Koppenaal (1963) has 
attempted such a test using the MMFR 
technique developed by Barnes and 
Underwood (1959). Contrary to the 
spontaneous recovery notion, he found 
neither absolute nor relative recovery 
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of first-list associations with retention 
intervals of up to 1 wk. 

The present study compared MMFR 
and conventional anticipation measures 
of RI following A-B, A-C learning at 
retention intervals of 1 min., 1 wk., 
and 2 wk. It was thought that the re- 
covery phenomenon which failed to ap- 
pear in the week provided by Koppe- 
naal might do so if the retention in- 
tervals were extended to 2 wk. In 
addition, and perhaps more important, 
this design permits a comparison of RI 
effects as measured by the MMFR and 
conventional techniques at quite long 
retention intervals. This kind of com- 
parison is interesting because it pro- 
vides an evaluation of the roles of un- 
learning and competition factors in RI. 
Because MMFR is presumably free 
from competition effects, RI values ob- 
tained with this measure will reveal the 
extent to which unlearning is important 
in determining magnitude of RI. On 
the other hand, the conventional recall 
method is dependent upon both un- 
learning and competition effects, Thus 
the difference between the amounts of 
RI obtained with this technique and 
the MMFR method may be attributed 
to the effects of competition factors. 

If the spontaneous recovery hypothe- 
sis is correct, and if list differentiation 
and competition effects are minimal im- 
mediately following A-B, A-C learning, 
then certain predictions may be made 
concerning the course of RI as meas- 
ured by the two techniques. Because 
list differentiation is probably maximal 
immediately following A-B, A-C learn- 
ing, the two methods should yield simi- 
lar amounts of RI in an immediate 
retention test. This prediction has 
already been confirmed by Postman 
(1962). As the retention interval in- 
creases, and both recovery and com- 
petition effects increase, greater RI 
values should be obtained with the 


conventional technique. Spontaneous 
recovery of the first-list associations 
should result in a decrease in the 
amount of RI obtained with the 
MMFR method while, when the con- 
ventional method is used, there should 
be a tendency for this reduction in RI 
to be offset by the increasing competi- 
tion effects associated with a progres- 
sive loss of list differentiation. It 
would be difficult to predict whether 
the amount of RI in the conventional 
conditions will actually increase or de- 
crease, because changes in the magni- 
tude of RI will depend upon the rela- 
tive importance of the opposed recoy- 
ery and competition factors. The point 
is that the increasing competition ef- 
fects should, at the very least, result 
in less of a decrease in RI in the con- 
ventional conditions. As indicated, ex- 
isting data suggest that the amount of 
RI as measured by the conventional 
technique will remain relatively con- 
stant as the retention interval increases, 
implying a balance of the recovery and 
competition effects. 


METHOD 


Design.—A 3 X 2 X 2 factorial design was 
employed with the main effects referring to 
three retention intervals (1 min, 1 wk, 2 
wk.), two recall methods (MMFR and con- 
ventional), and an experimental-control di- 
mension (learning two and one lists, respec- 
tively). The six experimental groups first 
learned A-B and A-C paired-associate (PA) 
lists and then recalled the A-B pairs at one 
of the retention intervals by one of the re- 
call techniques. Prior to recalling the A-B 
pairs the six control groups learned a single 
A-B list. 

Subjects—The Ss were 144 University 
of California, Los Angeles, undergraduates 
whose experimental participation was in ful- 
fillment of a course requirement. The 12 
conditions were randomized 12 times such 
that each occurred once in each of 12 blocks 
of conditions. The Ss were assigned to this 
order of conditions as they appeared in the 
test situation. 

Lists—The A-B and A-C lists were com- 
posed of eight nonsense syllables as stimuli 
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and eight two-syllable adjectives as re- 
sponses. The eight syllables and two sets of 
adjectives used in this study were the A-B, 
A-C materials employed by Barnes and Un- 
derwood (1959). A detailed description of 
these materials is contained in their article. 
Intra- and interlist response similarity and 
intralist stimulus similarity were as low as 
possible. Three pairings of each of the sets 
of adjectives with the syllables were de- 
veloped. An equal number of Ss in each 
condition received each of these pairings. 
Within each condition a given list was used 
as the first list half the time and as the 
second list half the time. Three orders of 
each list were constructed to minimize serial 
learning. 
Procedure.—All learning was conducted at 
a 2:2 sec. rate with a 4-sec. intertrial inter- 
val on a Phipps and Bird memory drum. 
The 12 groups first learned the A-B list to 
a criterion of one perfect trial. After a 
l-min. interlist interval the six experimental 
groups then learned the A-C list for 15 an- 
ticipation trials. After a l-min. interval the 
two control groups who later received 1-min. 
recall tests engaged in 93 min. of digit can- 
cellation, the time required by the experi- 
mental groups to learn the A-C list. The 
four control groups which were given the 
l- and 2-wk. retention tests were dismissed 
immediately following A-B learning. Recall 
tests in the 1-min. experimental and control 
conditions occurred 1 min. after completion 
of the second task (either A-C learning or 
digit cancellation). The delayed recall tests 
occurred either 1 or 2 wk. after the first ses- 
Sion. Conventional recall was by the usual 
2:2 sec. anticipation procedure. In MMFR 
the drum was operated manually with the 
exposure of the successive stimuli paced by 
In the experimental MMFR conditions 
Ss were instructed to say aloud both the 
first- and second-list responses in the order 
that they came to mind. The responses were 
not exposed during the MMFR test. Fol- 
lowing the recall test the MMFR groups re- 
learned the A-B list for five trials while the 
Conventional groups were given an addi- 
tional four relearning trials. 


RESULTS 


First- and second-list learning.—The 
mean number of trials to criterion on 
the first list for all 12 groups was 9.75. 
The individual group means ranged 
from 7.08 to 11.58. An analysis of 
Variance indicated no significant differ- 
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Fic. 1. Mean correct recall values. 
ences attributable to the two recall 
methods, the experimental and control 
treatments, the retention intervals, or 
their interactions, Fs < 2.26. The mean 
number of correct responses given by 
the six experimental groups on the 
second list was 95.97. The individual 
means ranged from 88.00 to 99.33. 
No significant differences appeared be- 
tween the groups which later received 
the three retention intervals or be- 
tween the groups to receive the two re- 
call methods, Fs < 1.0. The interac- 
tion was not significant, F — 1.9. 
Recall.—Figure 1 contains the mean 
numbers of correct responses recalled 
by the 12 groups. A three-way analy- 
sis of variance indicated that, as ex- 
pected, the overall MMFR mean (4.53) 
was significantly greater, F (1, 132) = 
7.97, p < .01, than the overall conven- 
tional mean (3.74). The recall means 
associated with the 1-min., l-wk., and 
2-wk. intervals were 5.90, 3.67, and 
2.83, respectively. In addition, the 
control mean (5.44) was significantly, 
F (1, 132) = 89.86, p < .01, greater 
than the overall exerimental mean 
(282). Of greater importance is the 
fact that none of the interactions were 
significant. The three double interac- 
tion F ratios were less than 1. The 
triple interaction F was 1.81. Accord- 
ing to this analysis the first-list asso- 
ciations do not seem to have recovered, 
either in an absolute sense or relative 
to the single-list control. In addition, 
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the lack of significant interaction effects 
suggests that the difference between 
the amounts of RI obtained with the 
MMFR and conventional techniques 
did not increase as the retention inter- 
val increased. That is, the difference 
between the absolute numbers of items 
lost according to the two measures did 
not increase as the interval increased. 
The means numbers of items lost (the 
differences between the experimental 
and control means) according to the 
MMFR method were 3.17, 2.66, and 
1,83 at the three retention intervals. 
The mean numbers of items lost ac- 
cording to the conventional method 
were 2.93, 2.67, and 1.67. 
RI measured in terms of percentages 
a somewhat different picture. 
Once again there was no evidence for 
recovery of the first-list 
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as measured by the two recall methods, 
while negligible in an immediate reten- 
tion test, would increase as the reten- 
tion interval increased. Apparently the 
increase was not due to spontaneous 
recovery of the first-list associations 
but rather to increasing competition 
effects associated with loss of list 
differentiation. Second-list responses 
given during conventional A-B recall 
appeared 0, 20, and 16 times in the 
1-min., 1-wk., and 2-wk. intervals, rē- 
spectively. 4 
Relearning.—The mean numbers of 
Correct responses given in the five re- 
learning trials are contained in Fig. 2. 
An analysis of variance revealed a sig- 
nificant retention interval effect, F (2, - 
132) 218.13, p < Ol. The overall 
mean relearning values were 34.94, 
31.69, and 29.27 for the 1-min., 1-wk; 
and 2-wk. intervals, respectively. The 
experimental vs. control effect was also 
significant, F (1, 132) = 63.69, p< 
01, with the control conditions produc- 
ing a mean of 35.04 correct responses 
and the experimental groups yielding a 
mean of 28.89. The recall method main 
effect was not significant, F < 1, sug- 
gesting that the interpolated MMFR 
test had little effect on overall relearn- 
ing. The interaction effects were not 
significant, F « 2.15. 


Discussion 


The results of the experiment failed to 
support the spontaneous recovery hy- 
pothesis. This was true even when | 
retention intervals were extended to 2 wk. 
In the MMFR conditions recall of the. 
first-list associations showed neither am 
absolute gain nor an increase relative to 
the single-list control. This lack of re- 
covery held for both percentage measures 
of RI and RI measured in terms of num- 
bers of items lost. While these data sug- 
gest that recovery does not occur, an 
ternative interpretation would suggest 
that the MMFR technique does not com- - 
pletely eliminate competition effects. If 
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this is true, then recovery of the first-list 
associations may be hidden by the oppos- 
ing competition factors, Koppenaal's find- 
ing that MMFR of the second-list associ- 
ations decreases relative to the single-list 
control as the retention interval increases 
could be interpreted as evidence for this 
position. A similar tendency for second- 
list MMFR recall to decline relative to 
the single-list control appeared in the 
present data, but differences in degrees 
of first- and second-list learning render it 
only suggestive. 

The second purpose of the study was to 
test the hypothesis that there would be 
an increase in the difference between the 
amounts of RI as measured by the MMFR 
and conventional techniques as the reten- 
tion interval increased. It was 
that the recovery of the first-list associa- 
tions would decrease RI in the MMFR 
conditions while decreasing list differen- 
tiation and a corresponding increase in 
competition effects would probably offset 
the recovery effect in the conventional re- 
call conditions and result in little change 
in RI. As indicated, the results of the 
experiment revealed no decrease in RI in 
the MMFR conditions. Thus, if there 
was to be an increase in the difference 
between the amounts of RI yielded by the 
two measures it would have to be asso- 
ciated with an increase in RI in the con- 
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ventional conditions. The lack of signifi- 
cant interaction effects suggested that 
there was no increase in the difference 
between the numbers of items lost. But 
if a percentage measure of RI is em- 
ployed, then a definite tendency for RI to 
increase in the conventional conditions 

Thus, if the predicted increase 
in the difference between the amounts of 
RI obtained with the two methods does 
appear, it may well be associated with an 
increase in RI under the conventional 
method rather than with a decrease in RI 
under the MMFR method. 
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Digits of the set (2, 3, 4, 6) were successively and randomly presented 
to Ss, who were instructed to respond to each 2 and 3 after any 2 new 
digits had passed, and not to respond to 4 and 6. Performance im- 
proved with practice. Training in a condition where a warning signal 
was given at times that response was to be made, had no transfer effect 
on the no-warning signal condition, suggesting the importance of re- 
membering moments to recall. It is hypothesized that Ss in the no- 
warning signal condition have a storing bias to all new material. 
This was tested by asking Ss to react nondelayed to 4 and 6, together 
with the existing tasks. Performance in the warning signal condition 
was better in that case, but not when the additional task was non- 
perceptual. RT of 4 and 6 proved much delayed, suggesting incompati- 


bility between rehearsal and direct reaction processes. 


In a continuous memory task a series 
of items is successively presented and 
each item is reproduced after a num- 
ber of new items have passed. In this 
kind of situation the memory span is 
substantially less than the traditional 
seven items (Kerwin & Licklider, 1951; 
Mackworth, 1959; Pollack & Johnson, 
1963). Storage of three items is the 
maximum to be expected from prac- 
ticed Ss, at a rate of one item per 
second. Several—probably supplemen- 
tary—suggestions can be offered to ex- 
plain this divergence: First, greater 
difficulty to recode or group material 
in continuing memory (eg. Reid, 
Brackett, & Johnson, 1963) ; secondly, 
the intermittent intake and reproduc- 
tion of information ; finally, the feature 
that Ss have to remember both con- 
tents and time to recall. Investigation 
of the last hypothesis was the main aim 
of this study. 

1The authors are indebted to the late 
P. M. Fitts and to A. W. Melton of the Hu- 
man Performance Center, Department of 
Psychology, University of Michigan, for 
critical comment on an earlier draft of this 
paper. 

? Now with Psychological Service, Royal 
Netherlands Navy. 


EXPERIMENT I 


In order to investigate the effects of 
storing and moment to recall an experi- 
mental task was needed where these 
aspects could be isolated. This was 
satisfied by asking Ss to recall only 
certain items and by the use of a cue 
(warning tone) to indicate when Ss 
were to recall. 


Method 


Task.—A series of items was successively 
projected on a screen, at a distance of 70 cm. 
from S's position. An item consisted of one 
of the numerals 2, 3, 4, or 6 and was clearly. 
visible for 1 sec., whereafter it was automati- 
cally replaced by another item. The digits 
were presented in random order and with 
equal chance of occurrence. The task was 
to react discriminatively to each 2 or 3 after 
any two following digits had passed; the 
arrival of the third digit acted as a signal 
to respond. Response took place by pressing 
an appropriate key. No response was given 
—neither direct nor delayed—to 4 and 6. 
This task—referred to as Task B (Basis)— 
was carried out, during 5 min, Digits, re- 
sponses, and reaction time (RT) were sepa- 
rately recorded on a printer. 

Procedure.—Two groups of seven Ss— 
laboratory employees—had four blocks of 
trials. Group 1 had B all the time. Group 2 
had B only on the first and last block. In 
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the remaining tests, B was supplemented 
with an auditory warning tone, each time 
that a response was required (termed Task 
B+T). Then, all Ss of Group 1 got addi- 
tional training until a criterion of 90% cor- 
rect responses was met, whereafter they were 
subjected to the same sequence of blocks as 
Group 2. Before the first block, Ss got ver- 
bal instructions and a few demonstrations of 
the task. They were instructed to avoid er- 
rors and to omit a response rather than to 
guess. It appeared from the data that errors 
did not systematically differ over conditions 
and a separate treatment is omitted therefore. 


Results and Discussion 


The results are summarized in Table 
1. No significance tests were carried 
out on the data of Group 1, Blocks 1-4, 
due to an obvious improvement of the 
percentage of correct responses and to 
the lack of change in RT. As to Blocks 
5-8, the data were analyzed after mak- 
ing a square-root transformation—in 
view of heterogeneity of variance. 
Analysis of variance showed a signifi- 
cant difference between Blocks for both 
correct responses, F (3, 18) = 4.88, p 
< 02, and for RT, F (3, 18) = 3.32, 
p «.05. Post hoc comparisons be- 
tween means, according to Tukey 
(Winer, 1962) showed significant dif- 
ferences between Blocks 5-6, 5-8, 67, 
7-8 at the correct-responses data and 
between Blocks 5-6 at the RTs. 

As to Group 2 a significant between- 
blocks effect appeared both for correct 
responses and RTs, F (3, 18) — 19.85, 
P «.001, and F (3, 18) = 8.63, p< 
001. Post hoc comparisons showed 
Significant differences at the .05 level 
between the following pairs of Blocks: 
1-2, 1-3, 2-4, and 3-4 for correct re- 
Sponses and 1-2, 1-3 for RTs. 

The results of both Groups together 
—Blocks 1-4—were submitted to an 
analysis of covariance to partial out in- 
dividual differences. Performance in 
both first runs was taken as the con- 
Comitant variable, This analysis re- 
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TABLE 1 


MEAN PERCENTAGES OF CORRECT RESPONSES 
AND MEans or MEDIAN RTs 
(iN Msc.) IN Exp, I 


Group 1 (N = 7) Group 2 (N = 7) 


Block 

Task | 7; C| RT | Task | £5 C| RT 
1 |B 60.1 | 530 | B 58.8 | 506 
2 |B 75.1 | 564 | B+-T | 83.7 | 383 
3 |B 80.0 | 568 | B+T | 86.3 | 370 
4 |B 824| 583 |B 68.4 | 421 
SB 95.8 | 537 
6 |B+T [89.1 | 390 
7 |B+T} 95.8} 420 
8 |B 90.5 


Note,—Blocks 5-8 in Group 1 had additional training 
in Task B. 


vealed significant differences between 
Groups in Block 2, F (1, 12) = 7.15, 
p < .05, and in Block 4, F (1, 12) = 
6.43, p < .05. 

Task B shows a clear practice effect, 
when performed over successive blocks, 
but not when B +T blocks are in- 
serted. On the other hand practice in 
Task B transfers easily to B + T. The 
main difference between B and B -- T 
concerns knowledge about when to re- 
call a particular item. Therefore, this 
seems to be a substantial aspect of 
Task B which cannot be missed in the 
course of training. It can be that prac- 
ticed Ss rehearse always the whole set 
of three items “a continual reordering 
going on, one item being dropped and 
one added every time [Mackworth, 
1959, p. 210]." This would imply that 
Task B requires storing of all new 
digits—irrespective of whether or not 
actual reproduction will take place 
(storing bias). In B + T, on the con- 
trary, 4 and 6 items can be ignored, 
leading to a less dominant storing bias. 
The mutual negative effects of chang- 
ing from B +T to B, when Ss are 
practiced, are illustrative for this shift. 

Finally, the RT data show that Ss 
did not anticipate a response. The 
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Results and Discussion 


The results are summarized in Table 
2, Analysis of variance showed signif» 
cant differences between the Tone and 
No-Tone tasks, F (1, 12) = 560, p< 
.05, significant differences between the 
“A" and "No-A" tasks, F (1, 12) = 
17.50, p < 01. A t test indicated a 
significant difference, ((7) = 3.48, p = 
01, in the percentages of correct 4 and 

responses between Tasks BA and 
BA+T. For RTs to 2 and 3 no sig- 
nificant effect was found, F (1, 12) = 
179, p > .05. In the case of RTs to 4 
and 6 a t test showed a significant dif- 
ference between Task BA and Task 
BA + T, #(7) = 391, p < 01. More- 
over, a self-evident difference was pres- 
ent between RTs to 4 and 6 and RTs 
to 2 and 3 within Tasks BA and BA + 
T. Order of blocks was on no occasion 
significant, 

The results confirm the hypothesis 
that the additional requirement of im- 
mediate responses to the digits 4 and 6 
has a stronger negative effect on the B 
than on the B + T condition. 

Especially in BA, the decline of cor- 
fect responses can be affected to fail- 
ures of storing 4 and 6 digits, once 


TABLE 3 


INFORMATION PROCESSING IN CONTINUOUS SPAN 


before reaction can take place, This 
is especially relevant to the issue of 
uni- vs. multichannel handling of in- 
formation, favoring the unichannel n 
sition (e.g., Sanders, 1963, 1964; Wel- 
ford, 1960). It would be plausible to 
suppose that stopping rehearsal takes 
longer with more items in store, Data 
on RT of 4 and 6 as a function of items 
in store are given in Table 3, Since 
the present data did not provide 
quate samples for each case, 
combined with those of an 
experiment, carried out later in 
series. Analysis of variance showed a 
significant difference between number 
of items, F(2, erba p< Ol. 
The relatively long RT at zero storage 
load may again illustrate the existing 
storing bias, 


Experiment III 


In case the larger effect of the addi- 
tional task on BA is due to failures in 
storing 4 and 6 after a 


tual additional task is given. Other- 
wise the difference in load 
between B and B + T may be the pre- 


dominant factor, 
Method 


tions, F(1, 12) 2 993, p « 01, but 
not iaa T ed No-T, F(1, 12) 


TABLE 4 


in 
these processes are highly important in 
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COGNITIVE ASPECTS OF INFORMATION PROCESSING: 


III. SET FOR SPEED VERSUS ACCURACY * 


PAUL M. FITTS 
University of Michigan 


This study examines the capacity of Os to adapt to changes in the rela- 
tive emphasis on speed vs. accuracy of responses. 3 matched groups 
of 6 Os each were trained for 3 days in a choice reaction-time (RT) 
task, with feedback indicating both speed and accuracy. Emphasis on 
speed decreased mean RT but increased errors. A control group, 
working without an exact payoff or immediate feedback, showed some- 
what greater within- and between-S variability than did either the 
speed or accuracy groups and was at an intermediate level on all per- 
formance measures. Similar distributions of RTs were found for cor- 
rect responses and for errors as was predicted by a sequential sampling 
and decision model of choice RT. RT distributions for all Os were 
approximately normal under a set for speed, but under accuracy in- 


structions some Os gave highly skewed distributions. 


The present experiment examines 
the relation between speed and accu- 
racy of responses in a choice reaction- 
time (RT) task. The approach to this 
problem is predicated on the conjecture 
that part of the RT interval is occu- 
pied by processes that are analogous to 
those employed in sequential stimulus 
sampling and statistical decision mak- 
ing. A model for choice RT incorpo- 
rating this idea has been proposed ear- 
lier by Stone (1960), and has recently 
been extended by Edwards (1965). It 
incorporates some aspects of other sto- 
chastic models that have been proposed 
for human latency distributions (Mc- 
Gill, 1962, 1963). The present study 
and previously reported ones (Fitts, 
1964; Fitts, Peterson, & Wolpe, 1963) 
are intended to provide empirical tests 
of predictions derived from the sam- 
pling and decision model. The spe- 


1 This research was supported by the Ad- 
vanced Research Projects Agency, Depart- 
ment of Defense, under Contract No. AF 
49(638)-1235 (monitored by the Air Force 
Office of Scientific Research), with the 
Human Performance Center. Barbara Rad- 
x was responsible for collection of the 
lata, 
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Fic. l. Random-walk model of choice 
reaction time. 


cific model and some of its implications 
are outlined briefly below.* 

It is assumed that O holds some ini- 
tial opinion as to the odds, Q, favoring 
the occurrence of alternative stimuli, 
such as Sa vs. Sā. As an illustration, 
if O assumed equal probabilities then 
P(Sa) = P(Sa), and Q(Sa) would 
be 1:1, as shown in Fig. 1. 

Onset of a stimulus is assumed to 
initiate a sequential sampling process. 
Each sample is categorized as favoring 
Sa or Sa, and the likelihood ratio for 
obtaining this datum (D) under the 


2 The author is indebted to W. M. Kincaid 
and Ward Edwards for many contributions 
to the formulation of the random-walk model 
of choice RT as outlined here. 
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alternative stimulus conditions is used 
to obtain a revised odds estimate, 
Q(Sa|D), by a process corresponding 
to one that would be used by an ideal 
O employing Bayes' Theorem (see Ed- 
wards, Lindman, & Savage, 1963, For- 
mula 9) where 
P(D| Sa) 
2(Sa|D) = P(D|Sa) a(Sa). [1] 
Assuming the presence of noise, the 
' iterative odds revision process should 
take the form of a random walk (see 
Fig. 1). This random walk is as- 
sumed to continue until it reaches some 
criterion boundary, which is defined in 
terms of a critical odds value. At 
this time a response process will be 
initiated. 
The random-walk model has the fol- 
lowing qualitative properties relevant 
to two-alternative choice RT: (a) A 
symmetrical shift of both criterion 
boundaries toward more nearly equal 
odds (odds closer to 1:1) should result 
in faster mean RTs, and increased er- 
rors for both responses (Ra and Ra); 
(b) a unilateral shift of criterion 
boundary A toward more nearly equal 
odds should result in Ra being made 
more often, more rapidly, and with 
more errors, relative to Rà; (c) an in- 
crease in the initial odds favoring Sa 
should result in faster RTs for Ra, 
and longer RTs for the alternative re- 
sponse, Rd, provided the criterion 
boundaries remain fixed (or alterna- 
tively should result in an asymmetric 
readjustment of the boundaries) ; (d) 
an increase in the difficulty of discrimi- 
nating between Sa and Sa, as would 
result from an increase in similarity 
or a decrease in signal-to-noise ratio, 
should prolong the sampling process 
and result in slower RTs, providing 
again that the criterion boundaries re- 
main fixed. 
An important deduction from the 
model is the prediction that the mean 
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and shape (but not necessarily the - 
area) of the RT distribution made up 


of all instances of a given response that — 


are correct should be identical to the 


RT distribution comprised of all in- .— 


stances in which that response is 
wrong. This correspondence is im- 
plied by the definition of constant odds 
at all points along the criterion bound- 
ary. Stone (1960) has given a proof 
of this prediction, based on Wald 
(1947). 

It is important to note that the above 
prediction holds only as long as the 
criterion boundary remains fixed; if 
the boundary shifts, speed, and errors 
will become positively correlated and 
the mean RT for errors will be less 
than the mean RT for correct re- 
sponses. Since stationarity is a ques- 
tionable assumption for a human O, 
one might postulate a “noisy” criterion, 
as Swets (1961) has proposed for 
signal-detection processes. An alterna- 
tive assumption favored by the present 
author is that O sets his criterion 
boundaries as a result of the initial in- 
structions and then continually re- 
adjusts them on the basis of the feed- 
back information obtained from his 
own responses. If this conjecture is 
correct, then when Os make very few 
errors they also secure very little infor- 
mation and should find it difficult to 
maintain stable performance. This as- 
sumption leads to the revised predic- 
tion that similar RT distributions for 
correct and wrong responses should 
most likely be found when Os are mak- 
ing a relatively large proportion of 
errors. 

The preceding discussion has con- 
sidered only two-alternative choices. 
Similar arguments apply to the multi- 
dimensional case provided it is as- 
sumed that the underlying decision 
process is binary in character. Thus 
odds at each criterion boundary can be 
defined as favoring one stimulus against 
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all others, or a binary decision tree can 
be postulated. The argument also ap- 
plies to the alternative type of model 
proposed by Rapoport (1959) and by 
Christie and Luce (1956), where 
choice RT is assumed to reflect a num- 
ber of independent but parallel binary 
processes with responses being delayed 
until all parallel processes have been 
completed. 

Finally, all actual RTs of the human 
O are assumed to include fixed time 
lags, and thus performance should ap- 
proach a chance level for some limiting 
RT value greater than zero. 

In summary, the distribution of RTs 
and the ratio of correct to wrong re- 
sponses are assumed to be determined 
by sampling and statistical decision 
processes, as well as by stimulus prop- 
erties and by O's level of learning. 
Criterion boundaries, which determine 
when response processes will be initi- 
ated, are assumed to be influenced by 
cognitive processes, such as by changes 
in O's set for speed vs. accuracy and by 
his use of feedback information. 

In order to test predictions from the 
model, explicit payoff matrices cover- 
ing various speed-accuracy contingen- 
cies were employed as a means for in- 
fluencing O's initial set, as advocated 
by Edwards (1961). Immediate aug- 
mented feedback was provided, so as 
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to permit Os to monitor and adjust 
their behavior at a cognitive level. A 
discrete task was employed and the 
first half of the 2-sec. interval between 
a response and the next stimulus was 
used for the augmented feedback. A 
relatively difficult task involving four 
binary stimulus and response elements 
was used in order to provide oppor- 
tunity for a considerable range of vari- 
ation between speed and accuracy of 
responding. 


METHOD 


Apparatus—Stimulus sequences were pro- 
gramed on a punched-tape system that per- 
mitted any number of stimulus lights up to 
10 to be presented singly or in combination. 
Responses consisted of the depression of 
pianolike microswitch keys which were ar- 
ranged in a pattern to fit the shape of the 
hands (see Fig. 2). Stimuli appeared on a 
panel 28 in. in front of O, in a spatial pat- 
tern corresponding to the finger keys, Each 
light was assigned to the spatially corre- 
sponding key, unused lights and keys being 
removed, so that the task was high in S-R 
compatibility, The stimulus, response, and 
RT in 1-msec. units were automatically re- 
corded on punched tape for subsequent com- 
puter analysis. In addition, a matrix of 
four electromagnetic counters provided an 
immediately available cumulative total of the 
number of fast and slow, correct and wrong 
responses. 

Subjects—The Os were 18 male college 
students who were paid for their services. 

General procedure.—The first stimulus in 
a series appeared 2 sec. after a warning sig- 


ae Stimulus Lights 
o 


o 
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Fic. 2, Two stimulus and response console arrangements. 
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TABLE 1 


Payorr MATRICES USED FOR PRETEST 
AND EXPERIMENTAL CONDITIONS 


Ci t | Wi Wrong 
Condition | ana Fast | and Siow | and Fast | and Slow 
Pretest +1 —0.2 —0.2 —1 
Speed +1 —0.5 —0.1 —1 
Accuracy} +1 —0.1 | —0.5 —1 


nal and remained on for 50 msec. aíter O 
pressed any one of the response keys. About 
100 msec. after O's first response, two feed- 
back lights came on and remained on for 1 
sec. One light of the feedback pair indicated 
whether the response was correct or wrong; 
the other indicated whether the response was 
fast or slow relative to an arbitrary criterion 
time. Exactly 2 sec. after O's response the 
next stimulus pattern appeared. This tem- 
poral sequence was continued for a block of 
100 responses, after which a short rest was 
given, followed by another block of trials. 
Eight such blocks, or 800 responses, requir- 
ing about 50 min, constituted an experi- 
mental session. 

When the stimulus pattern required activa- 
tion of multiple keys, O was allowed 50 msec. 
within which to complete the correct response 
pattern after pressing the first key, if any one 
of the components of a response pattern was 
delayed longer than 50 msec, or if a wrong 
key was depressed within this interval, the 


Tesponse strategy. When more than one key 
was depressed, RT was recorded as the time 


Sponses was set arbitrarily at 545 msec., 
which it was hoped would be at about the 
+1 SD point in the RT distribution, After 
all 18 Os had been Pretested, they were 
ranked on the basis of their RT Scores and 
divided into six homogeneous strata, The 
3 Os in each stratum were then assigned 
randomly, 
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scheduled for testing so that all Os in a 
given stratum, beginning with the fastest 
one, served concurrently, one under each 
condition, as the experiment progressed, 

Experimental conditions —Following the 
pretest session, Os were tested for three ex- 
perimental sessions. Stimuli consisted of 
the 15 possible patterns provided by four 
stimulus lights used singly and in all com- 
binations in a randomized sequence. Re- 
sponses involved the use of the middle finger 
and forefinger of each hand, singly and in 
all combinations (see Fig. 2B). 

The 6 Os assigned to the speed group were 
tested under conditions which were designed 
to emphasize speed, and those in the accuracy 
group under conditions favoring accuracy 
(see Table 1). These Os were guaranteed 
a minimum of $1.00 base pay, and were per- 
mitted to earn up to $1.00 per session in 
additional bonus money (at .2¢ per point). 
Immediate feedback was provided after each 
Tesponse, plus cumulative knowledge of mone- 
tary earnings after each block of 100 re- 
sponses. The Os in the control group were 
given ambiguous instructions to “work as 
rapidly as you can without making errors,” 
and received no immediate feedback with 
respect to either speed or accuracy. They 
were told their cumulative number of cor- 
rect and wrong, fast and slow responses after 
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Fic. 3. Mean RTs for individual Os. 
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each series of 100 stimuli, and were paid a 
flat rate of $1.50 per session. 

The criterion for fast vs. slow responses 
was identical for each set of three matched 
Os and was set at what was hoped would 
be about the +1 SD point of the RT distri- 
bution. The criterion time was 370 msec. 
for the three fastest Os and it was raised for 
each successive stratum in an effort to com- 
pensate for individual differences and thus 
enable all Os to earn approximately the same 
bonus. In preliminary studies efforts had 
been made to set the criterion time so as to 
permit Os to achieve about 5096 fast re- 
sponses. However, this led to a marked dis- 
crepancy in the frequency of negative feed- 
back for "slow" as contrasted with "wrong" 
responses and a resulting overemphasis on 
speed. The +1 SD point was selected in an 
effort to achieve a better balance between the 
two types of unsuccessful responses. The 
use of these criterion times actually provided 
approximately 84% fast responses for the 
three groups. 
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RESULTS 


Mean errors and RTs—Mean RT 
and percentage error scores for each 
of the 18 Os are shown in Fig. 3 and 
4. Payoff conditions had a highly con- 
sistent effect, with Os in the speed 
group responding faster and making 
more errors, and Os in the accuracy 
group responding more slowly and 
making fewer errors. Sets of data for 
each of the three sessions can be com- 
pared for each of the six pairs of 
matched Os in the two experimental 
groups; for 17 of these 18 data points, 
the O in the speed group was faster 
than the matched O in the accuracy 
group, and for 16 of 18 pairs, the O in 
the accuracy group made fewer errors. 
The mean RTs were 364 and 402 
msec., and the mean percentage of er- 


Legend: 
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Fic. 4. Percentage of responses in error for individual Os. 
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Legend: 
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SESSIONS 


Fic. 5. Relative frequency of wrong-fast (WF) vs. correct-slow (CS) 
responses for individual Os. 


Tors was 22.6 and 10.3 for the speed 
Vs. accuracy groups, respectively. The 
comparable scores for the control group 
were 385 msec. and 13.4% errors, 
respectively, 

Experimental effects are revealed 
further by comparing the frequencies 
of correct-slow (CS) responses and 
wrong-fast (WF) responses for each 

relative to the criterion times. A 
percentage-difference score, based on 
these two mixed categories, [(WF — 
CS)/(WF + CS)] x 100, was com- 
puted for each O. There was practi- 
cally no overlap on this score between 
Os in the two experimental groups (see 
Fig. 5). With respect to this measure, 
as well as the two Previous ones, 
Os in the control group showed some- 
what larger individual differences and 
somewhat more within-O Variability 
from session to session than did the 
experimental groups. 
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SESSIONS 


The last 300 responses made by each 
of the 18 Os, including a total of 579 
(10.7%) wrong responses, were ana- 
lyzed in detail. For this set of data - 
12 of the 210 possible wrong S-R com- — 
binations accounted for half of all the 
errors, the error patterns being similar [ 
both across Os and across groups. By - 
far the highest error rates, 32% and | 
35%, respectively, were found in re- 
sponses to the 1-2-4 and the 1-3-4 light ` 
combinations. Frequent errors were . 
also made in responding to the other | 
sets of three-component stimuli (1-2-3 
and 2-3-4). The smallest proportion 
of errors (1.7%) was made to thé pait - 
of middle lights (Lights 2 and 3). Re- 
sponses to the four single lights also : 
showed good accuracy (between 3.5% 
and 5.5% errors). Responses were . 
more often wrong because of the use - 
of too few rather than the use of too 
many finger keys. 
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Distribution of RTs.—The RT dis- 
tributions for the last session of 800 
responses, for each of the 6 Os in the 
two experimental groups, are shown in 
Fig. 6, plotted as cumulative response 
frequencies on normal probability pa- 
per. It will be seen that the data for 
individual Os approximate a straight 
line for each of the 6 Os in the speed 
group. It therefore appears that under 
speed conditions response times were 
very nearly normally distributed. This 
conclusion is further supported by the 
finding that, for all three sessions, 
means and medians for each of the Os 
in this group were almost identical, the 
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means exceeded the medians by only 
29 msec. In the accuracy group, 2 Os 
had very nearly normal distributions of 
RTs whereas 4 Os showed skewed dis- 
tributions, 2 being highly skewed. For 
the latter group, the means exceeded 
the medians by 17.1 msec. 

The RTs for errors were pooled 
across Os for the last session of 800 
trials, providing totals of 911 errors 
for the speed group and 321 errors for 
the accuracy group. These cumulative 
error distributions are shown in Fig. 
6, along with the distributions for all 
correct responses. The shapes of these 
two distributions are quite similar, 
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O Accuracy 
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REACTION TIME (MSEC) 
Fic. 6. Cumulative RT distributions. (Light dotted lines are for 


indivi i 5] and accuracy groups. 
mna error and pooled correct responses.) 


mulative distributions for pooled 


Heavy lines are cu- 


group, 
sumption that errors provide informa- 
criterion boundaries, 


njormation analysis, — Respon 
equivocation, Ha(R), and average ie 
formation transmitted per response, H,, 
information 


rate 
(see Fig. 7). From Fig. 7, it appears 
that performance deteriorates rapidly 
once response equivocation exceeds 
about .6 bits/response in this 3.9-bit 
task, ie as soon as H,(R) exceeds 
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about 1596 of stimulus informa 
The linear correlation between Hg(R) 
and H,/sec is —.86, as compared 
correlations of only —.28 between 
and H,/sec and of only —.24 be 
RT and Hs(R). 


Discussion ps 


We may conclude that sets for speed 
or accuracy in RT tasks induced by r 
use of a payoff matrix plus immedi 
feedback, are relatively effective within 
and between Os. The use of this combined 
procedure (payoff + feedback) appears 
to be a methodological advance over the - 
use of verbal instructions alone (see, eg, 
Garrett, 1922; Howell & Kreidler, 1963), 

"Errorless"  performance.—Many Es, _ 
such as Hick (1952) and Hyman (1953), 
have attempted to induce "errorless" per- 
formance on the part of their Os. From 
the viewpoint of a random-walk model, 
error rate may become very small in cir- 
cumstances where the penalty for errors 
is sufficiently high, but in theory should 
never become zero as long as speed of re- 
sponse is given any importance at all, 
Furthermore, the occurrence of errors 
should not be interpreted as necessarily 
indicating a qualitative change in per- 
formance, since a sufficiently high payoff 
for speed may induce errors at any level 
of learning or attention, One is certainly 
not justified in assuming that data can be 
rid of spurious effects simply by discard- 
ing responses that were in error, 

RT distributions —The finding that the 
distribution of RTs for errors was very 
similar to that for correct responses lends 
Support to the conjecture that choice RT 
is analogous to a sequential sampling and 
decision process, and that error rate is 
determined primarily by O's cognitive set 
for speed vs, accuracy. The actual shape 
of the distribution appears to be influ- 
enced by payoff conditions as well as to 
be a function of individual differences, 

Maximum information transmission 
Tates.—The present results suggest that 
i ion rate for discrimination and 
choice behavior may reach a maximum 
over some limited range of response 
equivocation greater than zero. Beyond 
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this point the loss in information rate re- 
sulting from errors increases relatively 
much faster than does the gain from in- 
creased response speed, producing an in- 
formation overload effect. The overload 
effect demonstrated here in the discrete 
response situation in which speed stress 
was induced by means of a payoff struc- 
ture is similar to the finding of informa- 
tion overload induced by speed stress in 
forced-paced serial RT studies, such as 
Klemmer and Muller (1953), The pres- 
ence of such a maximum is contrary to 
the finding of a relatively constant infor- 
mation capacity of the human motor sys- 
tem over a wide range of movement ac- 
curacy (Fitts, 1953, 1954; Fitts & Peter- 
son, 1964; Fitts & Radford, 1966), and 
does not confirm Hick's (1952) early re- 
sults on choice RT, However, the pres- 
ent results are entirely consistent with 
two limiting processes which have been 
proposed previously. On the one hand, 
Stone (1960) has pointed out the exces- 
sive cost in increased sampling time that 
is necessary for achieving very low error 
rates (low equivocation per response); 
on the other hand, it has been assumed 
earlier in this article that all measured 
RTs include some minimum lag time and 
this added constant would markedly re- 
duce information rate for very short RTs 
where equivocation per response is exces- 
sively high, At most, therefore, it would 
appear that a constant rate of information 
transmission should occur for the inter- 
Change of speed and accuracy over a 
rather limited range. 
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CLUSTERING IN FREE RECALL AS A FUNCTION OF — 
CERTAIN METHODOLOGICAL VARIATIONS * p 
CHARLES N. COFER, DARRYL R. BRUCE 
Pennsylvania State University 
AND» GERALD M. REICHER 
University of Michigan 


3 experiments involving category clustering in lists composed of high- 
frequency 


frequency (HF) and low- 


names are reported. (a) Block presentation augments clustering in 
lists and augments word recall in HF but not in LF lists. (b) 
and clustering are higher in HF lists than in LF lists. 
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presentation interval augments both clustering 
and word recall within limits, (d) An immediate recall augments or 
maintains and word recall on a second recall, obtained after 
à short delay. (e) It is concluded that a coding hypothesis cannot do 
Hea pdb findings. >| mead vn, the category names 
or among ti tances ted 
aan pay eaa € emselves are suggested as 


(LF) associates of the category 


Another finding is that when § is 
asked to give two recalls, separated by 
a 5-min. filled interval, clustering in the 
second recall is often augmented (Gone 
zalez & Cofer, 1959). This is true une 
der a number of conditions, but is not 
under others, It is of some interest to 
determine whether the rise in clusters 
ing at second recall when it occurs will: 
take place without the first recall, and: 
the present paper reports informatio 
on this point. 

It is known also that higher recall” 
scores and greater clustering are found. 
for lists whose members are high-fre- 
quency associates of the category names 
than for lists whose members are low- 
frequency associates of the category — 
names (Bousfield, Cohen, & Whit- 
marsh, 1958). This difference may be 
important to the understanding of the — 
processes involved in clustering. 

In most of the experiments reported 
to date, two procedures have been more 
or less constant. One is the presenta- - 
tion of the items in randomized sê- : 
quences, The other is the presentation - 
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of items for relatively long exposure 
times, varying perhaps from 3 to 4 sec. 
per item, according to our estimates 
from the literature, It seems likely 
that useful information may be ob- 
tained concerning clustering by alter- 
ing the sequences in which the items 
are presented and by variation in ex- 
posure times, 

This paper reports experiments in 
which a block method of presentation, 
as well as a random presentation, was 
employed, and in which three exposure 
intervals were used, These variables 
together with the use of both high- and 
low-frequency associates of the cate- 
gory names to form lists were the ma- 
jor interests of the experiments. As 
mentioned already, however, the effect 
of an immediate recall on a delayed re- 
call was also evaluated. 


Metuop 


Three experiments were performed, Ex- 
periment I compared block and random 
presentations for lists composed of high- and 
low-frequency associates, and investigated de- 
layed recall with and without an immediate 
recall, Experiment If was a pilot run on 
the effect of exposure intervals, and em- 
ployed a l-sec. and a J-sec. exposure dura- 
tion for high-frequency associates, random 
presentation, Experiment III — block 


replicating and extending Exp. II. 
Materials—There were two basic lists of 


necticut 

The frequencies of occurrence (G-count) 
in English (Thorndike & Lorge, 1944) of the 
words in the HF list range from very low 
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(1 in 4 million) to AA (median 45 per mil- 
lion) and in the LF list from no occurrences 
in the word count to A (median 10.5 per 
million). Bousfield, Steward, and Cowan 
(1964) found no relation between clustering 
and the T-L frequencies of words, although 
more words were recalled from lists of high 
pe frequency than from lists of low T-L 


Irequency. 

Subjects —In. Exp. I, 120 female students 
enrolled in the course at the 
University of California ( Berkeley), in Exp. 
female Ss, and in Exp. LII 90 
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Procedure.—In all experiments Ss were 
told they would be shown a long list of 
words, and that later they would be asked 
to recall as many words as they could in any 
order in which the words occurred to them. 
In all groups, except for the four delayed re- 
call only groups in Exp. I, Ss recalled the 
list as soon as its single presentation was 
completed (immediate recall), having 5 min. 
to write their recalls. Then there was a 5- 
min. interval (filled with a word-rating task 
in Exp. I and II and with a word-classifica- 
tion task in Exp. III) after which there was 
a second written recall period again of 5 min. 
(delayed recall). In the four delayed recall 
only groups of Exp. I, the immediate recall 
was omitted, and as soon as list presentation 
was completed, these Ss began the word- 
rating task. They worked on it for 10.5 min. 
and then recalled the list. The interval of 
10.5 min. is approximately equal to that re- 
quired for the immediate recall (5 min.), the 
interpolated task (5 min.), and collecting 
and distributing papers (0.5 min.) in the 
other groups. 

At the completion of Exp. IIT, 81 of the 
S's were asked if there was any way in which 
they could organize or categorize the words 
which had been shown to them. If an inter- 
pretable response was not given to the ques- 
tion, the further question, “Did the words 
fall into any meaningful groups which you 
could describe?” was asked. 

Scoring.—The recalls were scored for num- 
ber of words correctly recalled, for intru- 
sions, and for clustering. A cluster is de- 
fined as the occurrence together in recall of 
two or more items from the same category. 
As a measure of clustering, we used the 
ratio of repetition (RR). This is calculated 
by subtracting the number of clusters from 
the number of clustered words and dividing 
the result by the number of words recalled 
minus one. All of the mean RR values re- 
ported here were well above the chance 


values indicated by Cohe p Sak 
Bousfield (1954).2 Sap A 


i 2 The question can be raised as to the rela- 
tion of RR to number of words recalled (n). 
We have computed correlations (r) between 
these scores for 12 conditions arrived at by 
combining groups with differing presenta- 
tion times in Exp. I and III. Thus, there 
was a score for the random presentation HF 
list, immediate recall across all intervals ad 
2, 4, 4.4 sec.), one for HF, delayed recall, 
one for HF, delayed only, and for the corre- 
sponding sets of three scores for the block 
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RESULTS 


Mean RR values for Exp. I and III 
are displayed in Table 1 and mean 
word recall for the same experiments 
in Table 2. Figures 1 and 2 show the 
results for ratio of repetition and word 
recall in Exp. III, respectively. 


Ratio of Repetition 

Experiment I.—An overall analysis 
of variance of RR scores at immediate 
recall yielded significant F values for 
frequency of association, F (1, 112) = 
10.43, p < .005, and method of pres- 
entation, F (1, 112) = 35.34, p < .001; 
the difference between immediate and 
delayed recall was not significant, F (1, 
112) = 1.23. None of the interactions 
was significant. The block method of 
presentation yields higher RR scores 
than the random method for both HF 
and LF lists; the HF lists, as expected, 
yield higher RR scores than the LF 
list. Both are augmented about equally 
by block presentation, although there 
is a slightly greater effect on the HF 
list than on the LF list. This is men- 


presentation of this list and the random and 
block presentations of the LF list. These 
combinations were necessary to yield an 
of 60 for each r. The resulting 12 r’s range 
from —.29 to .64, with a median at .53, and 
10 of them are significant at p values from 
<.05 to <.001. While there is, then, an over- 
all positive relation between » and RR, it is 
neither invariant nor very high. 

There is evidence that » and RR can vary 
independently. In the present Exp. III, clus- 
tering was augmented under block presenta- 
tion of the LF list, whereas » did not change 
(Fig. 1 and 2). Bousfield, Steward, and 
Cowan (1964) found differences in n as @ 
function of T-L frequency of the words used 
but no differences in clustering. Gonzalez and 
Cofer (1959) report seven instances in which 
RR increased significantly from immediate to 
delayed recall, with no significant change im 
n and one instance of a significant decline in 
RR with no change in n. In addition, they 
report (Tables 2 and 4) several instances at 
immediate recall in which groups have higher 
RR scores than other groups but lower ws. 


ITEM AND PRESENTATION VARIABLES IN CLUSTERING 
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TABLE 1 
Mean Ratio or REPETITION Scores, Exp. I (4.4-Sec. INTERVAL) AND III 
HF List LF List 
Intervals 
1 2 44 1 2 4 44 
Random Presentation 
Immediate -394 | .635 | .641 597 .310 500 614 | .531 
Delayed .537 649 | .686 | .653 .399 594 | .630 .562 
Delayed, only — — — 567 — — — 528 
Block Presentation 
Immediate .738 | .786 | .839 | .803 | .526 | .620 | .704 | .689 
Delayed -768 810 856 | .807 576 | .665 -700 .126 
Delayed, only — — — 721 = = = 675 


Note.—Interval time in seconds. 


tioned, despite the insignificant inter- 
action, as the same effect was seen in 
Exp. III. 

There was a significant difference in 
RR between delayed recalls following 
an immediate recall and the delayed re- 
call only groups, F (1, 112) = 6.51, p 
< .05, which suggests that the immedi- 
ate recall augments RR in the second 
recall This may be seen in Table 1 
(4.4-sec. interval) which shows that all 
the delayed recall RR scores are higher 
than their respective immediate recall 
RR scores. The delayed only RR 
scores resemble the corresponding im- 
mediate recall RR scores, in most 
cases; the differences are small, being 
003, .014, .030, and .081. 

The augmentation of clustering in 
delayed recall by immediate recall is 
not unexpected. Gonzalez and Cofer 
(1959) observed many instances of a 
tise in RR in second recall as com- 
pared with first recall, under similar 
conditions. However, they also found 
a number of cases in which RR in 
second recall was either no greater or 
less than it was in immediate recall. 
These findings occurred under condi- 
tions disruptive of clustering. On the 
basis of the evidence in Exp. I it can 
be concluded that, when two recalls are 
used, failure of second recall to show 


augmentation in RR may indicate that 
factors disruptive of clustering are op- 
erative. 

Experiment II.—The mean immedi- 
ate recall RR score for the 1-sec. pres- 
entation of the HF, randomly pre- 
sented, list was .505 and for the 3-sec. 
presentation was .620. This difference 
is significant, F (1, 28) — 446, p< 
.05. For delayed recall the correspond- 
ing means are .549 and 714, also sig- 
nificantly different, F (1, 28) — 5.63, 
p< 0l. These differences led to the 


R.R. IMMED. RECALL, 


2 4 
PRESENTATION INTERVAL (SEC.) 


Fic. 1. Mean ratio of repetition scores at 
immediate recall for the high-frequency list, 
block presentation (HF, B); low-frequency 
list, block presentation (LF, B); high-fre- 
quency list, random presentation (HF, R); 
and low-frequency, random presentation (LF, 


(Presentation intervals are 
These data are 


R) conditions. 
recorded on the abscissa. 
from Exp. III.) 
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TABLE 2 
MEAN Wonps RECALLED, Exp. I (4.4-SEC. INTERVAL) AND III 


HF List LF List 
Intervals 
1 2 44 1 2 4 44 

Random Presentation 

Immediate 15.73 | 18.60 | 24.00 | 25.87 | 11.73 | 17.07 | 19.40 | 20.53 

Delayed 14.80 | 17.67 | 23.53 | 25.67 | 10.47 | 16.20 | 18.60 | 20.27 

Delayed, only — — — 22.20 — => — 16.40 
Block Presentation 

Immediate 18.40 | 24.33 | 28.07 | 26.33 | 14.33*| 16.80*| 19.20*| 21.20 

Delayed 17.27 | 23.73 | 28.20 | 27.27 | 13.80"| 16.87^| 19.00 | 20.40 

Delayed, only — — — 25.33 -- — — 21.73 


* Based on a list of 39 words, due to an inadvertent experimental error. 


further exploration of presentation time 
in Exp. III. 

Experiment III—The results of 
Exp. I were replicated in this experi- 
ment for immediate recall RR so far 
as list frequency F (1, 168) = 30.19, 
P < 001, and method of presentation 
F (1, 112) = 65.68, p < .001, are con- 
cerned. The F of 3.75 for the interac- 
tion of these variables in immediate re- 
call just misses significance at p = .05 
(F required, 3.90). A combination of 


MEAN NO. WORDS RECALLED 
v 


1 2 
PRESENTATION TIME (SEC,) 


Fic. 2. Mean immediate (I) word recall 
scores for Exp. III. (The designations of 
the groups and of the abscissa are the same 
as in Fig. 1.) 


immediate and delayed recall RR scores 
for this experiment does yield a sig- 
nificant interaction for these variables, 
F (1, 168) = 3.98, p < .05. The di- 
rection of this interaction, that the HF 
list RR scores are augmented some- 
what more by block presentation than 
those for the LF list, is the same as 
was observed in Exp. I. It is possible 
that ceiling effects for the HF list, 
block presentation, are masking the in- 
teraction. Half of the Ss in this group 
in Exp. III obtained maximum RR 
scores for the number of words they 
recalled. It is possible that a longer 
list, or one with more categories, might 
yield firm evidence that clustering in 
the HF list is augmented more by block 
presentation than it is in the LF list. 
Presentation interval was also a sig- 
nificant source of variance in immedi- 
ate recall RR scores in Exp. III, F (2, 
168) = 28.37, p < .001, and the inter- 
action with manner of presentation was 
also significant, F (2, 168) = 4.15, p < 
.05. The interaction of list frequency 
and interval was not significant. As 
Fig. 1 shows, presentation interval had 
little effect for the HF list with block 
presentation but augmented RR con- 
siderably for random presentations of 
this list between 1- and 2-sec. intervals. 
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Similarly, the effect of interval was less 
marked on the LF list under block than 
under random presentation. For ran- 
dom presentation of the LF list, in- 
creasing presentation interval aug- 
ments clustering markedly throughout 
the range of intervals studied. The re- 
sults for the HF list, random presenta- 
tion, are consistent with the findings 
presented for Exp. II. 


Word Recall 


Experiment I—For immediate re- 
call, list frequency and method of pres- 
entation are significantly related to 
word recall. For list frequency, F (1, 
112) = 41.1, p < .001, and for pres- 
entation method, F (1, 112) — 9.6, p 
< .005. The smallest mean difference 
for any parallel comparison between 
list frequencies is 3.60 words, and the 
differences range to 6.87 words. All 
values for the HF lists are higher than 
for the LF lists. Block presentation 
scores are higher than those for ran- 
dom presentation, but the differences 
are not as large, ranging from .13 to 
5.33. The major differences are in the 
delayed only scores under the two 
methods of presentation. “The differ- 
ence is 3.33 words for HF and 5.33 for 
LF. The other differences, while con- 
sistently in favor of block presentation, 
yield small differences, the largest be- 
ing 1.60 words. 

Immediate and delayed (second re- 
calls) do not differ much, the values 
ranging from a loss of .80 words (LF, 
Block) to an actual gain of .94 words 
(HF, Block). The delayed only recall 
Scores, however, are depressed after 
random presentation. This depression 
is not present after block presentation, 
F (1, 112) = 7.1, p < .01, for compari- 
son of immediate recall with delayed 
only recall scores, and the interaction 
between this recall interval and meth- 
ods of presentation is also significant, 
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F (1, 112) = 5.6, p < .05. This is the 
only interaction to reach significance in 
the-analysis of word-recall scores in 
Exp. I. 

Experiment III.—Table 2 shows the 
word-recall scores for this experiment 
and Fig. 2 the scores for immediate re- 
call. As in Exp. I, the differences be- 
tween immediate and delayed recall are 
not large, ranging from a loss of 1.36 
(LF, random, 2 sec.) to a gain of .13 
(HF, Block, 4 sec.). Immediate-recall 
scores, however, show for both lists 
and for both methods, an augmentation 
with presentation time, F (2, 168) = 
53.82, p < .001. Further, it is seen 
that the recall scores for the LF lists 
are virtually identical (except at 1-sec. 
presentation), whereas, for the HF list, 
block presentation augments recall at 
every presentation interval. This in- 
teraction is significant, F (1, 168) — 
8.20, p < .005, as are the list frequency 
variable, F (1, 168) = 72.74, p < .001, 
and the presentation method, F (1, 
168) — 16.47, p « .001. The Presenta- 
tion Time X Method of Presentation 
interaction is not significant. 


Intrusions 


Data for categorical intrusions and 
irrelevant intrusions are show in Table 
3. Categorical intrusions are extra-list 
words which, however, may be readily 
assigned to the list categories. All 
other intrusions are classified as irrele- 
vant. It is clear that the major intru- 
sions here are of the former type, as is 
usual in studies of clustering, the ir- 
relevant ones being negligible in most 
of the groups. Categorical intrusions 
are prominent, especially in the de- 
layed recalls of the LF lists in Exp. I 
and in the immediate recall of the 
LF, randomly presented list. Though 
prominent, they average around one 
per S and represent the intrusions of 
HF associates into the recall. In this 
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TABLE 3 
IMMEDIATE 
Y OF CATEGORICAL AND IRRELEVANT INTRUSIONS IN THE 
bend AND DELAYED FREE RECALLS IN Exp. I AND III 
— 
Categorical Intrusions Irrelevant Intrusions 
Word 
i i all Recall 
Presentation Hees Presentation Rec 
Immediate Delayed Immediate Delayed 
Exp. I d 7 
44 5 11 
Block Hh 44 1 n 0 0 
A 14 20 9 14 
Random High Hn 2 4 0 2 
Exp. III 
: cOSPESWO ERN M 
2 22 
Ee 4 17 21 0 0 
Block i 7 s : 1 
i 4 1 
3a i 5 8 0 0 
1 12 14 5 6 
2 8 14 2 5 
yi 4 10 10 2 2 
Random j E 3 3 r 
High 2 i 
y 4 3 7 4 5 


experiment, the number of intrusions 
after block presentation is notable only 
in delayed recall. (In the delayed re- 
call only condition, not shown in Table 
3, categorical intrusions have frequen- 
cies of 9 and 12 for block and random 
presentation, respectively, of the HF 
list and frequencies of 26 and 25 for 
block and random presentation of the 
LF list.) 

The picture in Exp. IIT shows that 
categorical intrusions are much more 
prominent in the recalls of the LF than 
the HF lists, There are more of them 
following block presentation (70 for 
immediate and 80 for delayed recall) 
of this list than there are following its 
random presentation (30 for immedi- 
ate and 38 for delayed recall). This is 
true for each presentation interval as 
well as for the totals (shown in the 
preceding parentheses). This would 


suggest that after block presentation, 
the discrimination of list membership 
is less adequate than after random pres- 
entation. The corresponding compari- 
son for Exp. I, however, is in the op- 
posite direction (totals are 16 after 
block and 34 after random presenta- 
tion of the LF list). 


Discussion 


The empirical results of the variables 
manipulated in these experiments are 
fairly clear. With some exceptions, clus- 
tering and word recall are augmented by 
block presentation, by associative je 3 
quency of the list members, and, witl in 
limits, by prolonged presentation interval. 
A second recall is augmented by a poni 
recall Discussion of these general a : 
ings, together with the exceptions and e 
interactions, will be directed to the inter- 

retation of category clustering. 
^ Category clustering may be interpreted . 
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on purely associative grounds (Bousfield 
et al, 1958) but it has also been inter- 
preted as reflecting the operation of a 
coding process (Gonzalez & Cofer, 1959). 
Such a coding process has been conceived 
as involving the category name, suggested. 
by the instances. 

As indicated in the Method section, 
postexperimental inquiry was undertaken 
for 81 Ss in Exp. III. Following block 
presentation, accurate identification of tHe 
four categories contained in the lists was 
made by 16 of 18 Ss for List HF and 21 
of 23 for List LF; corresponding values 
following random presentation were 15 to 
20 for List HF and 11 of 20 for List LF. 
On this evidence, coding adequacy should 
not differ for the two lists after block 
presentation. If coding is the only op- 
eration involved, then performance on the 
two lists after block presentation might 
be expected to be similar. Similarly, it 
might be expected that presentation time 
would have little effect under block pres- 
entation, as compared to random pres- 
entation, 

These expectations can be held for both 
clustering and for word recall. Although 
the fact of list reorganization in recall as 
indicated by RR may reflect a coding 
Process, one would expect also that word 
recall would reflect coding, In his first 
experiment on clustering, Bousfield (1953) 
observed that more words are recalled 
from a categorized (randomly presented) 
list than would be expected from a list of 
unrelated words. However, word recall 
for lists of low-frequency associates has 
always been reported as lower than that 
for high-frequency associates lists, paral- 
leling the differences in clustering. 

The results from the present experi- 
ments do not support the notion that cod- 
ing by means of the category name is a 
sufficient explanation for the facts of clus- 
tering in the recall of categorized lists, 
varying in associative frequency. Clus- 
tering was augmented in both HF and LF 
lists by block presentation. On the fore- 
going argument, however, one would ex- 
Pect block presentation perhaps to aug- 
ment clustering more in LF than in HF 
lists. This interaction was not found; the 
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tendency to an interaction that was found 
was either not significant or not strong 
where it was significant and it was op- 
posite in direction to the expectation; and 
possible ceiling effects in the HF list may 
have prevented its appearance in marked 
form. 

So far as word recall is concerned, the 
interaction obtained was clearly in opposi- 
tion to the foregoing expectation. Block 
presentation augmented word recall for 
the HF list at every presentation inter- 
val. Word recall was virtually identical 
for the two presentation methods for the 
LF list at two of the three intervals in 
Exp. III. (The same result was present 
for the LF list in Exp. I, but there was 
only a small difference between methods 
of presentation for the HF list in that 
experiment.) 

Clustering scores for the delayed only 
condition in Exp. I were very similar to 
those for immediate recall However, 
word recall, in the same comparison, was 
considerably depressed in both lists after 
random presentation. This suggests that 
word recall can vary in some independ- 
ence from clustering, a result not entirely 
in keeping, as we see it, with a category 
name coding process, Word recall after 
block presentation did not show that dif- 
ference. 

Differences in clustering were not so 
marked as a function of presentation in- 
terval for either list under block presenta- 
tion as they were under random presenta- 
tion. On a pure coding interpretation, one 
might have expected clustering in the LF 
list to be almost the same as that in the 
HF list under maximally favorable cir- 
cumstances (block presentation, maxi- 
mum intervals). This did not occur in 
either Exp. I or III. Word recall was 
augmented by increasing length of the 
presentation interval in both lists and 
methods of presentation. 

It is not possible to reject the hypothe- 
sis that coding may occur, on the basis of 
these experiments, but a number of ex- 
pectations predicted on a "strong" coding 
hypothesis have not been confirmed, as 
the foregoing discussion indicates. There 
are two other obvious sources that may 
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contribute to clustering and to word re- 
call. One is the strength of the associa- 
tion between the category name and the 
instances of the category; by the method 
of word selection this is stronger in the 
HF than in the LF list. The other is in- 
terassociations among the instances in a 
category themselves. It is probable that 
these associations, too, are stronger in 
the HF list than in the LF list. It is pos- 
sible to interpret most of our results on 
the hypothesis that the effects of these 
sources of association are augmented by 
block presentation and by increased dura- 
tion of item presentation. The latter may 
provide opportunities for rehearsal. 

The occurrence of a substantially greater 
number of categorical intrusions in the 
recalls of the LF list than in the recalls 
of the HF list (under both presentation 
methods) suggests an augmentation of 
strength in high-frequency associates even 
by the presentation of the LF list. The 
intrusion of these associates into the re- 
calls of the LF list may, in part, account 
for the inferior word recall for this list. 
This may reflect the association between 
the category name and its instances or 
the association between such LF instances 
as are recalled and the HF instances 
which enter the recalls. There is, also, 
perhaps, some failure to distinguish be- 
tween list and nonlist members in the re- 
calls of the LF lists. 

What has been said in this discussion 
points to the important influence of two 
Sources of association in the recall of 
categorized lists. While coding processes 
in terms of caetgory names cannot be ex- 
cluded from operation in this situation, 
much of the evidence is compatible with 
and may be ordered better by an appeal 
to the associations between category name 
and its associated instances and associa- 
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tions among the instances themselves. A 
kind of coding could be provided by the 
recall of a few of the instances presented 
and the generation of others by means of 
associations between them and the items 
actually recalled. 
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WHOLE VERSUS PART LEARNING OF 
PAIRED-ASSOCIATE LISTS: 


LEO POSTMAN ax» JUDITH GOGGIN 
University of California, Berkeley 


This study reports 2 experiments comparing the whole and part meth- 
ods of paired-associate learning. In Experiment I the pure-part 
method was used in which the acquisition of the individual parts is 
followed by a combination stage during which the entire list is learned. 
The difference between the 2 methods of practice was investigated as a 
function of interstimulus similarity and interresponse similarity. In 
spite of wide variations in list difficulty the difference in total learning 
time between the whole and part condition remained essentially invari- 
ant at or near 0. In Experiment II the whole, pure-part, and repeti- 
tive-part methods were compared. In the latter method early parts 
continue to be practiced as later ones are added, The total learning 
times were again equal for the whole and pure-part conditions but both 
were significantly inferior to the repetitive-part condition. 


In a previous study the part method 
of learning was found to have a small 
but consistent advantage over the 
Whole method in the acquisition of 
serial lists of nonsense syllables (Post- 
man & Goggin, 1964). Variations in 
meaningfulness and intralist similarity, 
Which have major effects on speed of 
learning, did not influence the magni- 
tude of the difference between the two 
methods. The difference remains es- 
sentially invariant because both the ad- 
vantages and the disadvantages of the 
part method relative to the whole 
method increase concomitantly with the 
difficulty of the materials. The major 
gain in part learning derives from the 
length-difficulty relationship. Since the 
amount of time per item increases with 
the length of the task (McGeoch & 
Trion, 1952, pp. 500 £.), the sum of the 
times required for the acquisition of the 


1 This research was carried out under Con- 
tract Nonr 222 (90) Project NR 154-230 
between the Office of Naval Research and 
the University of California. The work was 
Performed at the Institute of Human Learn- 
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individual parts is less than the learn- 
ing time for the intact list. This differ- 
ence increases as a function of the diffi- 
culty of the task. Such gains are re- 
duced, however, by interference effects 
which develop between the successive 
parts and during the acquisition of the 
combined list. Like the gains derived 
from the length-difficulty relationship, 
the losses due to interference effects 
increase with the difficulty of the task. 
Consequently the relationship between 
the whole and part methods remains 
independent of the difficulty of the 
materials. 

The small residual advantage of the 
part method in serial learning appears 
to be largely a function of the associ- 
ative strength which accrues to the ini- 
tial and terminal items of the individual 
parts. These items serve as stable 
anchor points in the acquisition of the 
combined list; as a result, the relative 
difficulty of the central segment of the 
total list is reduced under part as com- 
pared to whole conditions, Apart from 
strictly localized effects which are spe- 
cific to serial learning, total learning 
time appears to be approximately con- 
stant under the two methods of practice. 
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The present study compares the 
whole and part methods of practice in 
the acquisition of paired-associate lists. 
As in the case of serial learning, early 
comparisons yielded contradictory re- 
sults (McGeoch, 1931). Experiment I 
was designed to test the generality of 
the conclusion, suggested by the results 
obtained with serial lists, that the dif- 
ference between the two methods is 
independent of the characteristics of 
the materials. The task variables ma- 
nipulated in this experiment were 
formal stimulus similarity and formal 
response similarity. These manipula- 
tions were applied to items of low 
meaningfulness, so that considerable 
variations in speed of learning were to 
be expected. Since the advantage of 
the part method observed in the earlier 
study appeared to reflect conditions 
specific to serial learning, it was antici- 
pated that for paired-associate lists of 
comparable length the difference would 
remain invariant at or near zero. 

The purpose of Exp. II was to ex- 
amine an implication of the assump- 
tion that the near constancy of learn- 
ing times under whole and part con- 
ditions reflects a balance of gains and 
losses attributable to the length- 
difficulty function and interpart inter- 
ferences, respectively. It follows from 
this assumption that the part method 
should have a clear advantage if inter- 
part interference can be substantially 
reduced without sacrifice of the gains 
afforded by the reduction in length of 
task. Such a shift in the balance of 
gains and losses should result when the 
repetitive-part method is substituted 
for the pure-part method. In the pure- 
part method, which was used in the 
earlier study and in Exp. I, the indi- 
vidual parts are learned separately and 
then combined in the final phase of 
practice. In the repetitive-part method, 
parts learned earlier continue to be 
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practiced as new ones are added. 
Thus, for a division into three parts, 
Part 1 is first learned to criterion, then 
Parts 1 and 2 together are carried to 
the same level of mastery, and finally 
the total list is learned (McGeoch & 
Trion, 1952, p. 499). This arrange- 
ment should serve to reduce the inter- 
part interferences which are know to 
develop under pure-part conditions. 
Retroactive inhibition of earlier parts 
by interpolated practice on later ones is 
prevented. In addition, differentiation 
among items from the several parts is 
maximized on the basis of the relative 
frequency with which the components 
of each part are experienced in the situ- 
ation. Under the repetitive-part pro- 
cedure degree of overlearning for indi- 
vidual items will necessarily be related 
to part membership so that relative fre- 
quency and degree of overlearning can 
act jointly to facilitate interpart differ- 
entiation. Variations in degree of 
overlearning for individual items also 
occur under pure-part conditions (and, 
for that matter, in whole learning) but 
are tied less closely to part membership 
and hence do not provide a consistent 
basis for interpart differentiation. 

In Exp. I, which evaluates the differ- 
ence between the whole and pure-part 
methods as a function of stimulus simi- 
larity and response similarity, a divi- 
sion of the list into two equal halves 1s 
used. In Exp. II, which compares the 
whole, pure-part, and repetitive-part 
methods, the division is into three 
parts. A comparison of the two ex- 
periments will yield information, there- 
fore, about the effect of the number of 
divisions on the difference between the 
whole and pure-part methods. 


EXPERIMENT I 
Method 


General—The learning materials were 
lists of 10 paired associates. Each pair was 
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composed of a CVC trigram and one of the 
digits from 1 to 10. In Cond. S-N (syllable- 
number), the stimulus terms were syllables 
and the responses were numbers; in Cond. 
N-S (number-syllable) the stimulus terms 
were numbers and the responses were sylla- 
bles. There were two degrees of intralist 
similarity (HiSim and LoSim), defined by 
the number of different letters used to gen- 
erate the 10 CVC trigrams. Thus, there 
were four different lists of paired associates; 
S-N, HiSim; S-N, LoSim; N-S, HiSim; 
N-S, LoSim. Each type of list was assigned 
to two groups, one of which learned by the 
whole method and the other by the pure-part 
method. For purposes of part learning the 
total list was divided into two halves (P: 
and Pz) of five pairs each. The two parts 
were learned in succession and then com- 
bined into a total list. With two stimulus- 
response arrangements (S-N and N-S), two 
levels of intralist similarity (HiSim and 
LoSim), and two methods of practice 
(Whole vs. Part), the total experimental de- 
sign comprised eight treatment combinations. 

Lists.—The CVC trigrams had association 
values ranging from 0 to 20% (Glaze, 1928). 
In Lists LoSim each of 20 consonants was 
used once, 10 in the first positions and 10 in 
the third positions; each of 5 vowels was 
used twice in the second positions. In Lists 
HiSim each of 4 consonants was used five 
times in the first and third positions, and 
each of 5 vowels twice in the second posi- 
tions. When the total list was divided for 
Part learning, each half reproduced the simi- 
larity conditions of the total list as closely 
as possible. In List LoSim no letter was 
duplicated within either half. Within the 
Parts of List HiSim 2 consonants were used 
three times each, 2 consonants twice each, 
and the 5 vowels once each. Each part was 
Paired with the digits 1-5 for half the Ss, 
and with the digits 6-10 for the other half 
of the Ss, In addition, there were two dif- 
ferent pairings of a given set of digits with 
the syllables in each part. Each of these 
four pairings was used as P; and Ps equally 
often. The resulting eight pairings of the 
total list were used equally often in the com- 
bination stage of part learning and in whole 
learning, The items from the two halves 
Were intermingled at random in the total list. 

Procedure.—The lists were presented on 
à memory drum at a 2:2-sec. rate, with an 
8-sec. intertrial interval. Four different or- 
ders of presentation were used to minimize 
Serial learning. The syllables were spelled 
and the digits were pronounced. Learning 
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was to a criterion of one perfect recitation 
of either the part or the whole list. 

Tnstructions for paired-associate learning 
by the anticipation method were given to all 
Ss. The Ss in the Part groups were, in 
addition, given a full description of the pro- 
cedure to be followed in their condition. The 
second part was presented 45 sec. after the 
end of practice on the first part, and the 
combined list 2 min. after the attainment of 
the criterion on the second part. A study 
trial was given on each of the parts but not 
in the combination stage, so that recall for 
the two parts could be determined at the be- 
ginning of practice on the combined list. A 
study trial was, of course, given to Ss in the 
Whole groups. 

Subjects—There were 16 Ss in each of 
the eight experimental groups. The 128 Ss 
were undergraduate students who were not 
necessarily naive to rote-learning experi- 
ments but had not served in any study using 
nonsense materials. The Ss were assigned 
to conditions in blocks of 8, with 1 S per 
block from each treatment combination. The 
running order within blocks was determined 
by a table of random numbers, as was the 
assignment to specific lists, subject to the 
restriction of equal Ns. One S assigned to 
List N-S, HiSim under the Whole condition 
was lost because of failure to learn and was 
replaced. 


Results 


Speed of learning to criterion was 
measured in terms of the total num- 
ber of presentations (number of items 
times number of trials). This score is 
equivalent to a measure of learning 
time and takes account of the unequal 
lengths of trials during the acquisition 
of the individual parts and of the total 
list. 

In the presentation of the results the 
following notation (Orbison, 1944) 
will be used: Tw — learning time by 
the whole method; Tp; and Tps— 
learning times for the first and second 
part, respectively; D = Tw — (Tp, + 
Tp); Tc = time required for combin- 
ing the parts; Tp = Tp: + Tp» + Tc 
— total learning time by the part 
method. These measures are listed in 
Table 1. 
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TABLE 1 


MEAN No. or PRESENTATIONS TO CRITERION IN WHOLE LEARNING AND AT SUCCESSIVE _ 
STAGES OF PART LEARNING 
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Whole Part 
Cond. 
Tw Tp: Tp: |Tpi+Tp: D Te Tp 
S-N, HiSim 245.0 34.7 27.8 62.5 182.5 184.4 246.9 
N-S, HiSim 443.7 105.6 72.5 178.1 265.6 221.9 400.0 
S-N, LoSim 141.2 32.2 26.9 59.1 82.1 80.0 139.1 
N-S, LoSim 210.6 61,2 48.4 109.6 101.0 93.8 203.4 


The measures of learning time show 
consistently that at both levels of in- 
tralist similarity acquisition is more 
rapid for Cond. S-N than for Cond. 
N-S. Such a separation between the 
two types of pairs was, of course, to 
be expected since single-digit numbers 
are more highly integrated responses 
than trigrams of low-association value, 
This difference has no systematic sig- 
nificance, however, since response class 
and stimulus class vary together. The 
present experiment was designed to 
assess only the effects of manipulated 
stimulus similarity and response simi- 
larity and the interaction of such ef- 
fects with the method of practice. Sta- 
tistical evaluation will, therefore, be 
limited to these latter comparisons. 

Whole learning—Speed of learning 
by the whole method was greater for 
Lists LoSim than for Lists HiSim. 
The detrimental effects of intralist simi- 
larity were greater on the response side 
than on the stimulus side. Prior to 
statistical analysis the criterion scores 
were subjected to a log transformation 
to remove heterogeneity of variance. 
Intralist Similarity is a highly signifi- 
cant source of variance, F (1, 60) = 
2221, p < .001. However, the inter- 
action of Intralist Similarity with Po- 
sition (stimulus vs. response) is not 
significant, F < 1. 

Gains in part learning.—The values 
of D, which are obtained by subtract- 


ing Tp; + Tpz from Tw, represent the 
gains which the part method derives 
from the length-difficulty relationship. 
As Table 1 shows, the magnitude of the ~ 
gain is perfectly correlated with the — 
difficulty of the list, i.e., D increases 
directly as a function of Tw. The sig- 
nificance of the variations in D is tested 
by the interaction of the difference be- 
tween Tw and Tp; + Tp» with experi- 
mental treatment. For Intralist Simi- 
larity the interaction yields an F (1, 
120) of 8.60, p < .01 after log trans- 
formation. The higher-order interac- 
tion with Intralist Similarity X Posi- — 
tion is not significant, F <1. Thus, 
the pattern of the tests of significance 
for D corresponds to that for Tw. 

It should be noted that Tpz is con- - 
sistently less than Tp:. The overall 
difference is significant, F (1, 60) = — 
12.08, p < .01. The increase in speed 
of learning does not, however, interact 
with experimental treatment and may 
be attributed to learning to learn. By - 
contrast, Ps was acquired somewhat 
more slowly than P; in the part learn- 
ing of serial lists (Postman & Goggin, 
1964). It is likely that there is inter- 
ference between items occupying identi- — 
cal positions in serial learning; this 
source of negative transfer is not pres- — 
ent in paired-associate learning. e 

Losses in part learning.—The gains 
in learning time indexed by the D 
scores are offset by the amounts of 
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time required for combining the parts. 
Like D, Tc increases directly as a func- 
tion of Tw. Analysis of variance again 
shows Intralist Similarity to be a 
highly significant source of variance, 
F (1, 60) = 59.32, p < .001; there is 
no reliable interaction of this variable 
with experimental treatment, F <1, 
Thus, the pattern of tests of signifi- 
cance is the same for Tw, D, and Tc. 
Comparison of total times for whole 
and part learning—The values of D 
and Tc are similar for each type of list, 
although it must be noted that the 
discrepancy is larger for Cond. N-S, 
HiSim than for the remaining condi- 
tions. The differences in total learning 
times are correspondingly small, as are 
the percentages of gain for the part 
over the whole method (Tw — Tp/ 
Tw). Analysis of variance of the total 
time scores yields an F (1, 120) of less 
than 1.00 for the overall difference be- 
tween the two conditions of practice. 
The interactions of Method of Practice 
With experimental treatments likewise 
yield F ratios of less than 1,00. Thus, 
the differences between total learning 
times remain invariant at or near zero 
in spite of substantial variations in the 
difficulty of the four types of list. 
Recall of parts.—One of the condi- 
tions of interference during part learn- 
ing which contributes to the loss of time 
during the combination stage is the 
retroactive inhibition of P; by inter- 
polation of Ps, The difference between 
the amount recalled from P, and P» on 


TABLE 2 


RECALL or P; AND Ps ON First TRIAL 
OF THE COMBINATION STAGE 


871 


TABLE 3 


PERCENTAGES OF OvERT ERRORS IN WHOLE 
LEARNING AND SUCCESSIVE STAGES 
OF PART LEARNING (Exp. D 


Part 


Cond. Whole 
Pi | P: C | Overall 
S-N, HiSim | 35.8 | 37.9] 30.4] 30.3] 31.7 
N-S, HiSim | 22.0 | 27.7] 24.4) 16.3] 20.8 
S-N, LoSim | 31,0 | 30.8] 30.6] 16.6] 25.4 
N-S, LoSim | 16.6 | 23.5] 15.6] 8.6] 15.5 
— lol 


the first trial of the combination stage 
provides an indication of the magnitude 
of the retroactive effect. The recall 
scores for P, and Ps are shown in 
Table 2. Recall is higher for Po than 
for P; in each case, and this difference 
is greater for the HiSim than the 
LoSim conditions. Analysis of vari- 
ance (after a Freeman-Tukey square- 
root transformation) shows the over- 
all difference between P; and Ps to 
be significant, F (1, 60) = 33.64, p < 
.001. There is also a significant inter- 
action of Part with Intralist Similarity, 
F (1, 60) = 7.04, p < .02. None of the 
other interactions is reliable. It must 
be recognized that the interval between 
the end of part learning and the first 
trial of the combinaiton stage is longer 
for P, than for Ps. The difference in 
the amount recalled cannot, therefore, 
be attributed unequivocally to the retro- 
active effects of interpolated Ps learn- 
ing. However, an interpretation in 
terms of retroactive interference is sup- 
ported by the fact that the difference 
between the parts increases with intra- 
list similarity. Since intralist similar- 
ity entails interpart similarity, such a 
relationship was to be expected if the 
differences in recall are determined by 
the degree of retroactive interference. 
Overt errors.—Table 3 shows the 
mean percentages of overt errors dur- 
ing acquisition. The percentages are 
to the base of total emissions (correct 
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TABLE 4 


Mean No. or CORRECT ANTICIPATIONS PER 
ITEM DURING WHOLE AND PART 
LEARNING (Exp. 1) 


Cond, Whole Part 
S-N, HiSim 12.1 14.3 
N-S, HiSim 19.6 21.8 
S-N, LoSim 8.0 9.2 
N-S, LoSim 10.4 12.2 


plus incorrect responses). For the Part 
conditions, separate percentages are 
listed for each stage of practice, as well 
as overall measures based on all re- 
sponses during learning. When these 
overall measures are compared with 
those for the Whole conditions, the per- 
centages are found to be similar. It 
should be noted, however, that the 
value is slightly higher for the Whole 
group than for the Part group in each 
case. The rank order of the lists is 
exactly the same under the two condi- 
tions of practice. The mean percent- 
ages are higher for Cond. S-N than 
N-S, and the error rate increases with 
intralist similarity for both types of 
pairs. Analysis of variance (after arc 
sine transformation) yields a signifi- 
cant main effect of Intralist Similarity, 
F (1, 120) = 12.44, p < .001. Method 
of Practice is not a significant source 
of variance, F (1, 120) = 3.23; nor are 
there any reliable interactions (all Fs 
less than 1.00). 

The error rates in part learning show 
systematic decreases with stage of prac- 
tice; in each case the lowest error rate 
occurs in the combination stage. "These 
declines in error rate are more pro- 
nounced for Lists LoSim than for Lists 
HiSim. The variations as a function 
of stage of practice are highly reliable, 
F (2, 120) — 3029, p « 001. There 
is also a significant interaction of Stage 
of Practice with Intralist Similarity, 
F (2, 120) = 379, p < 05. It is of 
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interest that in spite of considerable 
variations in error rate during succes- 
sive stages of part learning the overall 
percentages for the two methods of 
practice do not differ significantly. 
Degree of learning.—The fact that 
the total numbers of presentations to 
criterion were essentially the same in 
whole and in part learning does not 
rule out the possibility that there were 
different amounts of overlearning for 
individual items under the two condi- 
tions of practice. To the extent that 
such was the case, associative strength 
at criterion would not be equal. Table 
4 shows the mean numbers of correct 
anticipations per item for each treat- 
ment combination. All values are 
based on the total period of acquisi- 
tion; in the case of the Part groups 
the correct anticipations during part 
learning and in the combination stage 
were summed. The means of the 
Whole groups and the Part groups are 
quite similar. In each case, however, 
the number of correct anticipations is 
slightly higher for the Part group, the 
difference being of the order of one to 
two correct anticipations per item. The 
overall difference between the two 
methods of practice is not significant, 
F (1, 120) — 2.86; none of the inter- 
actions with Method of Practice are 
reliable (all Fs less than 1.00). In a 
more detailed analysis, which will not 
be presented here, a comparison .was 
made of the rank-frequency functions 
of correct anticipations. The items in 
the list were ranked for each S accord- 
ing to the number of correct responses 
given during the entire learning pe- 
riod, and the mean numbers of correct 
anticipations were plotted against rank. 
There were no systematic differences 
between the functions obtained under 
the two methods of practice. In part 
learning, the numbers of correct an- 
ticipations for P, and P» show only 
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minor differences, with neither part fa- 
vored consistently. It may be con- 
cluded that the part method has at best 
a small and unreliable advantage in as- 
sociative strength at criterion, 


EXPERIMENT II 
Method 


Design.—This experiment compares three 
methods of learning: whole, pure part, and 
repetitive part. There was only one type of 
list which consisted of 12 paired associates, 
with CVC trigrams as stimuli and the num- 
bers from 11 to 22. as responses. Interstimulus 
similarity was high, so that the list repre- 
sented Cond. S-N, HiSim. For purposes of 
part learning the list was divided into thirds 
(P, Ps, and Ps) of four pairs each. In the 
pure-part condition the three parts were 
learned in succession and then combined into 
the total list. In the repetitive-part condition 
Pi was first learned by itself, then P; and Pa 
together, and finally Pj, Ps, and Ps combined, 
ie., the total list. 

Lists.—The CVC trigrams had association 
values ranging from 47 to 67% (Glaze, 1928). 
Two consonants were used six times each, 12 
consonants once each, and 4 vowels three 
times each. Each third used in part learn- 
ing reproduced the similarity conditions of 
the whole list as closely as possible. One of 
the thirds of the lists used in part learning 
had the numbers 11-14 as responses, one had. 
the numbers 15-18, and one the numbers 19- 
22. There were three stimulus-response pair- 
ings such that each third of the stimulus 
terms was paired with each group of num- 
bers once. The three stimulus-response pair- 
ings were used equally often. For a given 
pairing of the total list each of the six pos- 
Sible sequences of the three parts was used 
in part learning. When parts were com- 
bined, the items from the different thirds 
Were intermingled at random. The arrange- 
ments of the lists in whole learning and in 
the final stage of part learning were, of 
Course, identical. 

Procedure.—The method of presentation 
was the same as in Exp. I, and learning was 
again to a criterion of one perfect recitation 
of either the part or the whole list, There 
Was an interval of 1.5 min. between the suc- 
cessive phases of the part conditions. 

The Ss in both Part groups were given 
full advance information about the procedure 
to be followed in the course of the learning 
Session. In the pure-part condition a study 
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trial was given on each of the parts but not 
in the combination stage. In the repetitive- 
part procedure, a conventional study trial 
was given for P, Before the first trial of 
the second phase (Pi+Ps) and the third 
phase (Pı + Pa + Ps) Ss were instructed to 
anticipate the response when a familiar stimu- 
lus appeared and to read aloud both the 
stimulus and response when the stimulus was 
new. 

Subjects.—There were 18 Ss in each of the 
three experimental groups. The 54 Ss were 
undergraduate students who were not neces- 
sarily naive to rote-learning experiments but 
had not served in any study using nonsense 
materials The Ss were assigned to condi- 
tions in blocks of 3, with 1 S per block from 
each condition. The running order within 
blocks was determined by a table of random 
numbers, as was the assignment to specific 
lists, subject to the restriction of equal Ns, 
One S in the Repetitive-Part group was lost 
because of failure to learn and was replaced ; 
the slowest $ in each of the remaining groups 
was replaced at the same time. 


Results 


Comparison of learning times.—The 
learning times under the three condi- 
tions of practice are summarized in 
Table 5. The whole and pure-part con- 
ditions will be compared first. The pat- 
tern here exactly parallels that found 
in Exp. I in spite of the changes in the 
length of list and number of parts. The 


TABLE 5 


Mean No. OF PRESENTATIONS TO CRITERION 
AND PERCENTAGES OF OVERT ERRORS IN 
WHOLE LEARNING AND AT SUCCESSIVE 
STAGES OF PART LEARNING (Exp. IT) 


Method Now Pres, md 
Whole 347.3 18.4 
Pure 

P: 48.4 28.7 

Ps 32.7 15.3 

P; 37.1 16.8 

C 230.7 12.4 

Total 348.9 15.7 
Rep. Part 

P, 36.2 23.2 

P: 100.9 12.6 

P: 129.3 6.8 

Total 266.4 11.9 
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TABLE 6 


RECALL FOR PARTS AT THE BEGINNING OF 
TERMINAL PHASE OF PURE-PART AND 


REPETITIVE-PART LEARNING 
(Exe. I1) 
Method Pi Ps Pi 
Pure Part 0.1 0.3 17 
Rep. Part 34 24 — 


—— n 


advantage gained from the reduction in 
length of task during the acquisition of 
the individual parts is entirely offset 
by the work required in the combina- 
tion stage. The total learning times 
for the whole and pure-part methods 
are virtually identical. 

Performance on P; permits a test of 
the initial comparability of the two part 
conditions. While the Pure-Part group 
is somewhat slower than the Repetitive- 
Part group, the difference is clearly not 
significant (t = 1.43). The number of 
presentations to criterion increases in 
the successive phases of the repetitive- 
part procedure, i.e., the learning time 
varies directly with the length of the 
list being practiced. These increases 
are not, however, sufficiently great to 
counteract the advantage derived from 
the length-difficulty relationship. It is 
noteworthy that the terminal phase (P, 
+ P» + P3) of the repetitive-part pro- 
cedure is considerably shorter than the 
combination stage of the pure-part con- 
dition, This difference occurs in spite 
of the fact that one third of the list is 
new in the final phase of Tepetitive-part 
learning whereas the combination stage 
of the pure-part method requires only 
the integration of previously practiced 
parts. Thus, the total learning time is 
substantially less in the repetitive-part 
condition than in the whole or pure- 
part conditions. Analysis of Variance 
of the logarithms of the total numbers 
of presentations yields an F (2, 51) of 
4.51, p < .02. Orthogonal comparisons 
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show that the repetitive-part condition 
differs at the .01 level from the whole 
and pure-part conditions whereas the 
difference between the latter two is, of 
course, not reliable. The percentage of 
gain over the whole method is —0.4 
for the pure-part method, and 23.3 for 
the repetitive-part method. 

Recall of parts.—Table 6 shows the 
amounts recalled from previously prac- 
ticed parts at the beginning of the ter- 
minal phase of learning. In the pure- 
part condition recall was measured for 
all three parts. The numbers of cor- 
rect responses from P; and P; are ex- 
tremely low ; there is a marked increase 
in the scores for Ps. The variation 
among the parts is significant, F (2, 
34) = 42.80, p < .001, after a Free- 
man-Tukey square-root transformation. 
The trend of the recall scores is con- 
sistent with the conclusion that early 
parts are subject to retroactive inhibi- 
tion by practice on subsequent ones. 
At the beginning of the terminal phase 
of repetitive-part learning, recall could 
be measured for the first and second 
parts. In this case there is a substan- 
tial amount of recall for both parts, 
and P; has a significant advantage over 
Ps F (1, 17) = 7.37, p < 02. Being 
practiced concurrently with P», Pi is 
not only free from retroactive interfer- 
ence but is overlearned and hence is 
more available at recall than the more 
recent part. 

Overt errors.—The mean percent- 
ages of overt errors are presented in 
Table 5. The method of determining 
the percentages was the same as in 
Exp. I. The overall rate of errors is 
highest for the whole condition and 
lowest for the repetitive-part condition, 
with the pure-part condition occupying 
an intermediate position. The variation 
among the groups does not, however, 
reach statistical significance, F (2, 51) 
= 2.76, p > .05, after arc sine trans- 
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formation. Both part conditions show 
significant declines in the error rate as 
a function of the stage of practice; for 
pure part, F (3, 51) = 8.01, and for 
repetitive part, F (2, 34) = 1323, p < 
-001 in both cases. As in Exp. I, the 
error rates for the total learning pe- 
riod converge on those for the whole 
method in spite of the large variations 
during successive stages of practice. 
Degree of learning.—The mean num- 
ber of correct anticipations per item 
during all acquisition trials was 13.9 
for the whole condition, 16.3 for the 
pure-part condition, and 14.0 for the 
repetitive-part condition. As in Exp. 
I, the number of correct anticipations 
is slightly higher for the pure-part 
than the whole condition; the values 
for the latter and the repetitive-part 
condition are almost exactly the same. 
The variation among the groups is 
clearly not significant (F = 1.39). The 
rank-frequency functions for correct 
anticipations, determined in the same 
manner as in Exp. I, fail to reveal any 
systematic differences among the meth- 
ods of practice. As expected, however, 
the two part conditions differ with re- 
Spect to the distribution of correct an- 
ticipations over items from the three 
Successive parts. In pure-part learn- 
ing, the mean number of correct antici- 
pations was 16.8 for Pı, 14.2 for Ps, 
and 17.9 for Ps. In repetitive-part 
learning the corresponding values are 
22.6, 13.5, and 5.9. Thus, there are 
only small differences among the suc- 
cessive units of practice in the pure- 
part condition; there is a sharp gradi- 
ent in the repetitive-part condition, 
with the number of correct anticipa- 
tions directly related to the order of 
Practice. The interaction of Part with 
Method of Practice is, of course, highly 
significant (5 < .001) and reflects the 
relative amounts of effort devoted to 
each part under the two procedures. 


Discussion 


In comparisons of the whole and part 
methods a convenient point of departure 
is the hypothesis of invariance according 
to which total learning time is independ- 
ent of the method of practice. This 
hypothesis makes two assumptions: (a) 
Fixed amounts of response learning, in- 
teritem differentiation, and associative 
learning are required for the mastery of 
a list of given length. On this assump- 
tion the level of reinforcement preceding 
the attainment of the final criterion, i.e 
the number and distribution of correct re- 
sponses, should be the same under the 
two conditions of practice. (b) While 
the time per item is considerably less dur- 
ing the acquisition of the individual parts 
than in whole learning, this gain in time 
is achieved at the expense of a lower de- 
gree of mastery, The greater the saving 
in time, the more the level of mastery of 
the individual parts falls below that re- 
quired for errorless performance during 
the combination stage. 

In Exp. I the levels: of reinforcement 
are quite similar in whole and in part 
learning when the total periods of acqui- 
sition are considered. The two conditions 
do not differ reliably with respect to the 
number and distribution of correct an- 
ticipations. The overall rates of overt 
errors are likewise similar and suggest 
that comparable amounts of intralist in- 
terference were present during acquisi- 
tion. One feature of the learning process 
which at first may appear to be charac- 
teristic of part but not of whole learning 
is the requirement to eliminate the retro- 
active inhibition which falls on the early 
parts as a result of the interpolated learn- 
ing of later ones. Itis known, however, 
that the probability of recall for a single 
paired associate within a list depends on 
the number of additional pairs presented 
or tested during the retention interval 
(eg. Murdock, 1963a, 1963b; Peterson, 
1963; Peterson, Saltzman, Hillner, & 
Land, 1962). As practice on the list con- 
tinues, the resistance to such interference 
effects increases. Thus, retroactive in- 
hibition of early items by later ones must 
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be overcome in both whole and part learn- 
ing. When a first part is followed by a 
second, the amount of retroactive inter- 
ference to which the former is subject ac- 
cumulates steadily and results in a low 
level of recall at the beginning of the 
combination stage. In whole learning, on 
the other hand, retroactive effects are 
gradually reduced during successive trials. 
The amount of practice required for the 
elimination of such effects may well be 
equivalent under the two conditions. 

In agreement with the invariance hy- 
pothesis, the values of D and Tc are quite 
similar for each type of list in Exp. I. 
Thus, the difference in total learning time 
between the two methods of practice re- 
mains essentially constant at or near zero 
in spite of wide variations in the difficulty 
of the materials. Speed of learning was 
considerably less when intralist similarity 
was high than when it was low. The 
magnitude of this effect was not reliably 
different on the stimulus side and the re- 
sponse side. Increases in intralist inter- 
ference as a function of stimulus similar- 
ity are, of course, to be expected; the 
finding that high formal similarity among 
responses of low meaningfulness retards 
acquisition agrees with the results ob- 
tained by Underwood, Ekstrand, and Kep- 
pel (1964), The fact to be emphasized for 
present purposes is that the effects of in- 
tralist similarity are parallel under the 
two conditions of practice. 

In Exp. II, in which the whole, pure- 
part, and repetitive-part methods were 
compared, the levels of reinforcement 
prior to the final criterion were again 
comparable under different methods of 
practice, The variations in the overall 
rate of overt errors fell short of signifi- 
cance. As in Exp. I, D — Tc for the 
pure-part method, so that the total learn- 
ing time was the same as for the whole 
method. However, repetitive-part learn- 
ing had a substantial and highly signifi- 
cant advantage over the other two pro- 
cedures. This finding is clearly contrary 
to the invariance hypothesis. The superi- 
ority of the repetitive-part condition had 
been expected on the assumption that con- 
tinued practice on earlier parts after ad- 
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dition of the later ones would (a) reduc 
the amount of retroactive interference, 
and (b) facilitate differentiation among 
the members of successive parts on the 
basis of their frequencies of occurrence 
and relative degrees of overlearning. The 
reduction in retroactive interference is 
clearly apparent on the first trial of the 
terminal phase of repetitive-part lear 
ing, with recall for P, significantly higher 
than for Py. The supposition that the 
repetitive-part procedure accelerates the 
process of interitem differentiation is sup- 
ported by the sharp decline in the rate of 
overt errors as a function of stage of 
practice. The decline is not nearly as. 
great in the pure-part procedure. It is 
noteworthy that the error rate is higher - 
during the combination stage of pure- 
part learning than during the terminal. 
stage of the repetitive-part procedure al- - 
though the latter involves the acquisition 
of new items. While the differences in- 
the overall percentages of errors fall” 
short of significance, the rate is lowest 
for the repetitive-part procedure, largely 
as a result of the sharp decline in the 
terminal phase. 

In conclusion, the implications of the 
experimental findings for the invariance 
hypothesis will be considered briefly. The 
first assumption underlying this hypothe- 
sis, viz., that the levels of reinforcement 
required for attainment of the criterion 
are independent of the method of practice, 
is supported in both experiments, as well: 
as in the earlier study of serial learning 
(Postman & Goggin, 1964). The second. 
assumption, according to which the sav- ^ 
ing in the acquisition of the individual - 
parts is balanced by the deficit in the ter- 
minal phase, holds true for all the present 
comparisons between whole and pure-part 
learning. There are only strictly limit: 
deviations from this principle in serial 
learning. However, the relationship mo 
longer obtains when the repetitive rather 
than the pure-part method of paired-as- 
sociate learning is used. Another excep- 
tion is provided by the results of a study 
by Orbison (1944) who found no differ- 
ence between the whole and part method 
for relatively short lists of paired associ- 
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ates (8 or 12 pairs) but an advantage in 
favor of the latter with a long list (24 
pairs). This trend was attributed to sys- 
tematic increases with length of list in 
the opportunities for interitem differentia- 
tion during the acquisition of the indi- 
vidual parts. On the basis of the existing 
evidence it would appear fair to conclude 
that invariance of total learning times 
with method of practice represents a 
probable outcome but that deviations from 
this rule must be expected when the pro- 
cedures of part learning provide oppor- 
tunities for more efficient reduction of in- 
tralist interferences than is possible in 
whole learning. 
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EFFECT OF STIMULUS PATTERN ON TEMPORAL ACUIT ri 
IN THE SOMATOSENSORY SYSTEM * " 


WILLIAM R. UTTAL AN» MADELON KRISSOFF 
University of Michigan 


The ability to distinguish a gap in a repetitive train of electrical pulse 
stimuli applied to the skin is a function of the pattern of the stimulus 
sequence. The purpose of this experiment was to describe the effects 
of stimulus amplitude, stimulus interval, stimulus numerosity, and the 
position of the gap in the stimulus train on the threshold for gap de- 
tection. The results of these experiments indicated that while stimulus 
intensity did not affect the threshold, all the other 3 parameters pro- 
duced interesting and significant effects. 


Acuity, the ability to distinguish 
nearly adjacent stimuli, is, in many 
situations, a very delicate measure of 
sensory capacity often exceeding the 
precision of absolute judgments. Spa- 
tial parameters of vision, for example, 
even exceed the limits prescribed by 
the underlying physiological and ana- 
tomical mechanisms. Thus, both the 
line and vernier acuity of the eye are 
more precise than the value predicted 
by the geometry of the single photo- 
receptor and depend instead upon in- 
teractive effects of the visual pathways. 

Piéron (1955) has suggested the 
term "temporal acuity" for the ability 
to distinguish between two stimuli pre- 
sented sequentially such that an O re- 
ports two successive events rather than 
a single temporal experience. The dis- 
tinction, though, is hardly ever com- 
plete. The O reports that there are 
two events if he detects a sufficient 
modulation in the intensity of the 
stimulus pattern. 

In vision the photochemical proc- 
esses of the eye obscure a measure of 
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true temporal acuity due to the elonga- 
tion of the effective stimulus process, — 
In audition a great deal of work has 
been done on the detection of discont 
nuities in noise and other acoustic sig: 
nals, but in the somatosensory mo- 
dalities little has been done to explori 
the effects of stimulus pattern on the 
detection of a discontinuity in a stimu- ` 
lus train. Yet, somesthesis provides ` 
one of the best opportunities to explore — 
the problem of temporal acuity because - 
well-controlled electrical stimulation — 
can be used to generate neuronal ac- 
tion signals in such a way that the only 
limiting factors are those of the nerve - 
message itself. Somesthetic temporal 
acuity may, therefore, be considered an 1 
extremely effective measure of the in- — — 
formation characteristics of both the — 
transmitting and analyzing properties 
of the nervous system rather than the 
properties of the receptors. Further- 
more, knowledge of these microtempo- 
ral relations is also significant in the 
Specification of the available neural 
codes for other aspects of somesthetic 
sensation. 

It seems likely that the problem of 
temporal acuity cannot be studied com- 
pletely with simple stimulus doublets 
(Rosner, 1961). In audition, for ex- 
ample, the temporal characteristics of 
periodic stimuli are perceived only after 
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a sufficient number of cycles has oc- 
curred to display the repetitive proper- 
ties of the stimulus. Doughty and 
Garner (1947) have shown that the 
perception of the pitch of a brief tone 
burst is dependent upon a sufficient 
number of cycles being present. It can 
then be expected that the perception of 
the temporal characteristics of other 
sensory modalities might be strongly 
dependent upon the temporal organi- 
zation or pattern of a stimulus train. 

The present paper deals with the spe- 
cial class of temporal acuity in which 
the stimuli are identical and applied to 
the same part of the body. Working 
within this class of stimulation, four 
separate studies were carried out which, 
respectively, explored the effects of in- 
tensity, interval, numerosity, and posi- 
tion on the detection threshold of a gap 
in a stimulus train. 


METHOD 


Subjects —Over the period of the study, 
six Ss were used; but, for various nonpro- 
cedural reasons, each of the four experi- 
ments was carried out on a subgroup which 
included at least four of these Ss, 

Apparatus.—Stimulus trains were isolated, 
constant current electrical pulses, .5 msec. 
in duration, with intervals and amplitudes 
varied in accordance with the specific de- 
sign of the experiments described below. 
The apparatus generating these stimulus 
pulses is described in greater detail in an 
earlier paper (Uttal, 1960). The stimuli 
were fed into a soundproof cubicle to two 
11 X 6 in. glass test tubes which were filled 
with body normal saline solution. The $ in- 
serted the index and middle fingers of his 
left hand up to the first joint into the saline 
solution. The stimuli were experienced as 
buzzes or tingles without noticeable motor 
involvement. The stimulus pulses were con- 
trolled by an electronic digital computer in 
a closed loop system. The computer sei 
several purposes including generation of the 
stimulus timing patterns, collection of re- 
sponses from Ss, statistical analysis of the 
data, and display of the results of these cal- 
culations. Contingent upon $'s responses, the 
stimulus patterns were altered in accord with 
an up and down method of limits as de- 
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scribed by Smith (1961), Thus, an initial 
stimulus pattern would be presented by the 
computer and if a discontinuity were de- 
tected, the gap size would be automatically 
shortened. The experiment usually began 
with a gap size well above the threshold and 
in the first few responses S brought the gap 
into the region of the threshold by a sequence 
of positive responses. A block of trials con- 
sisted of 100 estimates by S of whether a 
gap was present or absent. Estimates were 
indicated by S depressing a "Yes" or a "No" 
key. The computer acquired these responses 
and stored them in the magnetic core mem- 
ory. At the end of the block, the computer 
branched into an analysis program which 
computed the mean of all except the first 12 
responses in the block, It also computed the 
standard deviation, the range, and a new 
step size to be used in the next block, At 
the completion of a block, the computer 
paused and S was given a 30-sec. rest be- 
fore the next block was initiated. 


Procedure 


In each experiment, the task of $ remained 
the same—i.e., to report whether a gap in a 
train of pulses was detectable, The com- 
puter-controlled programing procedure de- 
scribed earlier was used in all experiments. 
Under each condition, each value of the in- 
dependent variable was presented once each 
day in a block of 100 trials. The order of 
experimental blocks was varied in a con- 
strained random order over successive days. 


Experiment I 


The first experiment was designed to de- 
termine the effect of stimulus intensity on 
the detection of a discontinuity in a series of 
nine stimuli, with four stimuli preceding and 
five stimuli following the gap. Except for 
the gap itself, each stimulus in the train was 
separated from its neighbors by an interval 
which remained constant at 16 msec. through- 
out the entire experiment. The S was pre- 
sented with the following current levels: 2, 
3, 4, 5, and 6 ma. with the selected current 
held constant during each block. Each block 
was presented once each day for 5 days. 
Five Ss were used in this experiment. 


Experiment IT 


The second experiment was designed to 
determine the effect of variation of inter- 
pulse interval on the detection of a gap. 
There were five stimuli on either side of the 
gap and the stimulus intensity was held con- 
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stant at 4 ma. The intervals used were 8, 
12, 15, 20, 30, 40, and 50 msec. The experi- 
ment was repeated for 7 days for each of the 
four Ss used. 


Experiment III 


Experiment III was designed to determine 
the effects of numerosity of the stimulus 
pulses on the ability of S to discriminate 
gaps in trains. The stimulus patterns used 
included bursts of 2, 4, 6, 8, 10, and 12 pulses 
with the gap always placed centrally in the 
burst. The current was again held constant 
at 4 ma. and the intervals other than the 
gap itself were constant at 16 msec, In this 
experiment, each of four Ss was used for 6 
days. 


Experiment IV 


The fourth experiment was designed to de- 
termine the effects of the location of the gap 
within a pulse train on its detectability. The 
number of pulses in each sequence was 8, 
with a uniform spacing of 16 msec. and a 
constant current level of 4 ma. Thus, the 
gap might come after the first, second, or 
after any sequential stimulus up to the 
seventh while all other parameters remained 
constant. Each of four Ss was run on each 


of 7 days. 
RESULTS 


The results of the four experiments 
are presented in Fig. 1 through 4. In 
each case the horizontal coordinate rep- 
resents the independent variable of the 
experiment and the vertical coordinate 
represents the gap threshold averaged 
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Fic. l. Results of Exp. I showing the lack 
of variation in the threshold for gap detection 
as the stimulus intensity is varied. 
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Fic. 2. Results of Exp. II showing the ef- 
fect of varying the interval between electri- 
cal pulse stimuli on the threshold for gap de- 
tection. 


over all Ss over all days. The meam. 
value for a block was based on an M 
of 88. Therefore, each point on the 
curve represents the average of 88 nd 
estimates of the gap threshold, where 
n is the number of Ss, and d is the 
number of test days. The number of 
observations represented by each point 
of Fig. 1 through 4 are 2200, 2464, 
2112, and 2464, respectively. The 
square roots of the average of the 
variances of each point have also been 
drawn in each case to display a meas- 
ure of variability. In a sense, this vari- 
ance measure is also a measure of the 
difficulty of making a given decision. 


Experiment I 


Figure 1 displays the results of Exp. 
I in which the amplitude of the stimu- 
lus pulses was the independent vari- 
able. Clearly, both the threshold value — 
and the measures of variance do mot - 
show any appreciable effect as a func- 
tion of this parameter. 


Experiment II 


Figure 2 displays the results of Exp. 
II in which the independent variable 
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was the interpulse interval between the 
stimuli surrounding the gap. Figure 2 
shows that the effect was considerable. 
As the interpulse intervals increase the 
threshold for the gap monotonically in- 
creases. The one exception to this rule 
is the result for the shortest interval, 
8 msec., which is slightly elevated over 
the result for 12 msec. It should be 
also noted that the difference between 
the mean gap size at threshold and 
the interval between the other stimuli 
varies little over the range of intervals 
used in this experiment. This result 
suggests that the jnd for gap interval 
is nearly constant over the range used. 

Inspection of the variances shows 
that the elevated point at 8 msec, is 
associated with a large increase in the 
variance, thus indicating the increased 
difficulty at this interval. 


Experiment III 


Figure 3 displays the results of Exp. 
III in which the independent variable 
was the numerosity of the stimulus 
pulses. The results of this experiment 
demonstrate emphatically the impor- 
tance of considering the total temporal 
pattern as a significant parameter 
rather than dealing strictly with stimu- 
lus doublets. By far, the largest thresh- 
old was obtained for the simple doublet 
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Fic. 3. Results of Exp. III showing the 
results of varying number of pulses in the 
burst in which the gap was imbedded on the 
threshold for gap detection. 
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ELET TEN 6. 7 
NUMBER OF PULSES PRECEDING GAP 
Fic. 4. Results of Exp. IV showing the 
results of altering the position of the gap in 
an otherwise constant stimulus pattern on the 
threshold for gap detection. 


situation. For other multiple pulse pat- 
terns the thresholds are seen to be rela- 
tively constant. The variances, though, 
tell an additional and interesting story 
about the difficulty of making the dis- 
criminations. The variances decrease 
almost monotonically with increase in 
numerosity, thus indicating that Ss 
were able to make the discrimination 
more consistently for stimulus patterns 
in which the pulses were more numer- 
ous. 


Experiment IV 


Figure 4 shows the results of Exp. 
IV in which the position of the gap 
within the pattern of stimuli was 
varied. A bow-shaped curve is ob- 
tained with maximum sensitivity for 
symmetrically placed gaps with in- 
creasing thresholds for greater imbal- 
ance between the preceding and follow- 
ing bursts. Inspection of the variance 
measures shows that it was more diffi- 
cult for S to deal with stimulus pat- 
terns which consisted of a single pulse 
or a double pulse in the following 
burst, but that otherwise the decisions 
appear to be equally difficult. 


Discussion 


The quality of the stimulus has been 
ignored in this report so far, but it is an 
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important aspect which deserves discus- 
sion. For all except the shortest inter- 
vals, Ss reported that the buzz was a 
series of more or less discrete events and 
thus their criterion for a gap was a just 
noticeable difference between the gap and 
some function of the intervals of the pre- 
ceding and following bursts. On the 
other hand, the situation in Exp. III in 
which the gap was preceded and followed 
only by a single pulse represents a very 
special case in which S was probably 
being called upon to make a different dis- 
crimination—that different discrimination 
being a judgment of the “oneness” or the 
"twoness" of the doublet. There was 
some suggestion that the elevation of this 
point was a context or instructional set 
effect since naive Ss usually reported a 
lower threshold for simple acuity tests 
with doublets, Similarly, the slight ele- 
yation of the shortest interval in Exp. II 
is, we believe, an effect of a quality 
change for there is evidence (Rosner, 
1961) that at this interval we may well 
have been above the fusion frequency. 
There are two major hypotheses ex- 
plaining the results of Exp. IV. The first 
suggests that the perception of the burst 
with fewer stimuli is inhibited or masked 
by the presence of the longer burst, Both 
backward and forward masking effects 
would have to be involved but both have 
been demonstrated in one or another 


his ability to deal with them 

is inhibited by the imbalance cowed 
two or perhaps even by the simple numer- 
osity of the stimuli in the bursts, How- 
ever, in Exp. III, we see that it is only 
at the extreme condition of only two 
pulses that the threshold is so elevated, 
Thus, the systematic elevation of the 
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threshold as the imbalance is incre 
may be due exclusively to the imb 
rather than the numerosity. The one 
ception to this rule may be the si 
in which there is only a single pulse: 
either end—a situation in which the n 
merosity effect is more effective. 

Experiment II demonstrates anotht 
interesting effect. The size of the diffe 
ence between just detectable gaps 
the other intervals in the pulse trai 
relatively constant over the entire ra 
of intervals studied. This suggests 
the just noticeable difference for the 
of microscopic time which we have stu 
ied does not vary according to the Web 
relation. This is in contrast to Woods 
row's (1930) report, among others, if 
which the differential threshold for 
crimination remained at a constant per- 
centage from .2 to 2 sec. I 

More closely analogous to our exper 
ments are those studies concerning 
perception of rhythm, As Piéron (1952 
points out, “There is a particularly high 
sensitivity to frequency variations.” Lg 
statement is the precursor of the idea that 
repetitive stimulation may generate sen- 
sitivities which are superior to those 
measured for simple doublets. In the 
present experiments, the frequency shift. 
is for a single cycle only and may repre 
sent a different discriminative task, — — 

The literature contains a number of 
references (Knudsen, 1928; 
1947; Piéron & Segal, 1938) investiga 
temporal acuity with simple stimulus 
doublets of continuous frequency vari- 
ations. The results of this paper presen 
a strong argument for considering the 
interesting and significant effects due to 
pattern variations within the stimulus” 
train. 
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RECOVERY OF CONDITIONED UCR DIMINUTION " 
FOLLOWING EXTINCTION * 


M. C. MORROW ? Z 


University of Florida 1 


2 groups of Ss (each N —45) were given 16 paired or unpaired CS- 
UCS (light-shock) acquisition trials. Each group was then divided 
into 3 subgroups which received either 3, 6, or 12 extinction trials be- 
fore receiving 1 paired CS-UCS test trial. In addition, another group 
(N 215) was given paired acquisition trials followed by 3 UCS-alone 
trials. It was found that the UCR increased in size on the UCS-alone 
trials following reinforcement, and it recovered significantly more on 
the test trial following extinction for groups which received paired 
than it did for groups which received unpaired conditioning trials. 
Amount of recovery on the test trial was not related to the number of 
extinction trials. It was concluded that the recovery following ex- 
tinction was due to extinction of the inhibition or to its disinhibition. 


Several recent studies of human clas- 
sical conditioning (Baxter, 1964; Kim- 
ble & Ost, 1961; Kimmel & Penny- 
packer, 1962) have shown that the 
UCR gradually becomes smaller dur- 
ing reinforced trials. In addition to 
whatever adaptation or habituation may 
have been occurring, the investigators 
assumed that the UCR was further re- 
duced by an inhibtory process which 
was conditioned to the CS during re- 
inforcement, and that recovery of the 
response on UCS-alone trials following 
conditioning was due to the removal 
of the CS-controlled inhibition. Kim- 
ble and Ost, and Kimmel and Penny- 
packer found, respectively, that the 
interstimulus interval variable and the 
number of reinforcements variable 
were related to the inhibitory process 
in the same way as these variables are 
related to the conditioned excitatory 
(CR) process, i.e, the amount of at- 

1 Based on a dissertation submitted to the 
Graduate School, University of Florida, in 
partial fulfillment of the requirements for 
the PhD degree. The author is indebted to 
H. D. Kimmel for assistance and advice in 
the execution of the study. Partial support 
was provided by National Institutes of 
Health Grant MH-6060-2 to H. D. Kimmel. 

?Now at Georgia State College. 


tenuation during conditioning, and re- - 
covery on UCS-alone trials was great- 
est at a .5-sec. interstimulus interval, 
and with a greater number of reinforce- 
ments. Baxter, employing unpaired 
CS-UCS control groups as counter- 
parts to the conditioning groups, found 
that (a) pairing led to greater UCR 
attenuation and recovery than the con- 
trol procedure, and (5) a delayed con- 
ditioning paradigm led to greater at- 
tenuation and recovery than a trace 
conditioning paradigm. 

The purpose of the present study was 
to determine whether the hypothesized 
inhibitory process extinguishes in the 
same way as does the excitatory proc- 
ess, and whether the amount of extinc- 
tion is a function of the number of ex- 
tinction trials. Specifically, it was hy- 
pothesized that groups which received 
paired conditioning trials would show 
greater UCR recovery on a paired CS- 
UCS test trial following CS-only ex- 
tinction trials than would groups which 
received unpaired conditioning trials. 
It was further hypothesized that a 
greater number of extinction trials 
would lead to a greater amount of UCR 
recovery on the test trial. 
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METHOD 


Subjects—The Ss were 105 University of 
Florida volunteer undergraduates. The total 
sample consisted of 63 men and 42 women. 
The Ss were randomly assigned to the ex- 
perimental conditions, with the exception of 
sex balancing. The main part of the experi- 
ment consisted of a 2 X 3 factorial design in 
which two groups of 45 Ss each received 
either paired or unpaired conditioning trials. 
Following conditioning, the two groups were 
divided into three subgroups which received 
either 3, 6, or 12 extinction trials before the 
paired test trial. In addition, another group 
of 15 Ss received paired conditioning trials 
but, instead of extinction trials, it then re- 
ceived 3 UCS-alone trials. The latter group 
provided for the demonstration of condi- 
tioned UCR diminution in the usual manner 
(ie, as an increment in UCR magnitude 
when the CS was omitted) in Ss that re- 
ceived a conditioning procedure identical to 
that of the paired conditioning groups dis- 
cussed above. 

Instructions.—The instructions were read 
to S over an intercom system after he had 
been seated in the experimental room de- 
scribed below. They indicated that the ex- 
periment was an investigation of the effects 
of certain stimuli on the GSR and that S 
should remain motionless and pay attention 
to the stimuli. 

Apparatus—The Ss were seated in an 
Industrial Acoustics Company, Incorporated, 
audiometric chamber, Model No. 1200. They 
sat in a standard office chair with armrests 
on which Ss kept their arms during the ex- 
perimental session. The E could communi- 
cate with S' at all times through a two-way 
intercom system. 

The CS was a circular, white light placed 
at eye level 30 in. directly in front of S’s 
face. The light was produced by a Grason- 
Stadler multiple-stimulus projector (Type 
E4580). The light had a diameter of 1.0 in. 

The UCS was an electric shock delivered 
through silver-coated electrodes attached to 
the middle and index fingertips of S’s right 
hand. The shock was produced by a Schultz 
Instruments Company constant current shock 
generator, Its intensity used during condi- 
tioning was 1.5 ma. 

The durations of the CS and UCS were 
controlled electronically by a Tektronix, In- 
corporated waveform generator, Type 162, 
and pulse generator, Type 161. The CS had 
a duration of 5.1 sec. and the UCS a dura- 
tion of .1 sec. On paired conditioning trials 
the two stimuli terminated together. 
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The GSR was picked up from the palm 
and the back of S’s left hand by 4-in, 
zinc electrodes, covered with a few drops of 
zinc sulphate solution, in lucite cups filled 
with saline electrode jelly. It was ampli- 
fied by a Bio-Physical Research Instruments, 
Incorporated GSR amplifier, Model 201-R, 
and recorded on a Texas Instruments Com- 
pany Recti-Riter with a paper speed of 12 
in/min. All responses were transformed ac- 
cording to the formula: 


log E E & a) Hx 1]. 


where Rb is the resistance at the moment 
of initiation of the response and Ra is the 
resistance at the peak of the response, which 
occurred between 2 and 5 sec. after the onset 
of the stimulus. 

Procedure.—The S’s left hand was cleaned 
with acetone and then he was seated in the 
ventilated, dimly lighted experimental cham- 
ber. The shock and GSR electrodes were 
then attached. Indicating that the instruc- 
tions would be read over the intercom sys- 
tem, E pointed out the projector which pre- 
sented the CS, left the chamber and closed 
the door. Approximately 2 min. later the 
instructions were read. 

The S was first given two presentations of 
the CS alone, followed by three presentations 
of the UCS alone, in intensity increments up 
to the intensity used during conditioning. 
This was followed by four additional pres- 
entations of the CS alone. During the condi- 
tioning period, which occurred next, three 
groups of Ss (Es, Es, Ew) received 16 paired 
CS-UCS presentations, and three groups of 
Ss (Cs, Co, Cu) received 16 unpaired CS- 
UCS presentations. After the conditioning 
trials, Groups Es and Cs received three CS- 
only trials, Groups Es and Cs received 6 
CS-only trials, and Groups Ew and Crs re- 
ceived 12 CS-only trials, Following these 
trials, the E and C groups received one paired 
CS-UCS test trial. Group Cues received, 
after 16 paired CS-UCS presentations, 3 
UCS-alone trials. 

The interval separating trials was varied 
unsystematically by E within 30-60 sec. 
Both stimuli were presented within a 30-sec. 
interval for the unpaired control groups. 
These 30-sec. intervals were separated from 
each other in the same way that paired con- 
ditioning trials were separated, ie. varied 
unsystematically between 30 to 60 sec. On 
half of the trials the CS occurred first and on 
half of the trials the UCS occurred first, 
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except that in no case did more than two 
consecutive CSs and UCSs occur. In addi- 
tion, the next to the last and the last CS 
preceded the UCS. 


ResuLTS 


Before presenting the data relevant 
to the hypotheses, it was first necessary 
to demonstrate that CS-UCS pairing 
led to the development of the inhibitory 
process. To do this, difference scores 
were computed for the Cuc group by 
subtracting the mean UCR on the final 
two reinforced trials from the mean 
UCR on the first three UCS-alone 
trials. Thus, a positive difference 
score would indicate a greater GSR 
on the UCS-alone trials and a release 
from the CS-controlled inhibition. The 
mean of the difference scores was .155, 
with the UCR showing a greater value 
on the UCS-alone trials for all but four 
Ss. A t test indicated that this increase 
in the UCR on the UCS-alone trials 
was highly significant, (14) = 3.15. 

However, the mean UCRs of the E 
groups were identical to those of the C 
groups on the next to the last condi- 
tioning trial (M — .90), and were 
slightly higher on the last conditioning 
= (M = 85 vs. 84). Since both 


termine whether there were sampling 
differences. It was found that the E 
groups produced larger GSRs than the 
C groups on all three UCS adaptation 
pry po uv difference between 
the means € two groups was statis- 
tically significant, ((88) = 2.62, This 
finding supports the position that pair- 
ing did indeed lead to UCR 
attenuation than pseudoconditioning, 
The hypotheses that there would be a 


greater amount of recovery of the UCR 
on the test trial following extinction in 
the E groups than in the C groups, and 
that the amount of recovery would bea 
positive function of the number of ex- 
tinction trials were tested with another 
UCR difference score. It was com- 
puted by subtracting the mean UCR 
on the final two reinforced trials from 
the UCR on the postextinction test trial 
for each S. Figure 1 shows the mean 
difference score for each of the E and 
Cgroups. Negative values on the ordi- 
nate indicate that the mean UCR on 
the test trial was lower than on the final 
two conditioning trials, and positive 
values indicate that the mean UCR was 
higher on the test trial. It is clear in 
Fig. 1 that the combined E groups pro- 
duced larger UCRs on the test trial 
relative to their UCRs on the final two 
reinforced trials than did the C groups. 
Analysis of variance of the difference 
scores indicated that the difference be- 
tween the E and C groups was statisti- 
cally significant, F(1, 84) — 4.19, MS, 
= 0.1432. It appears from the figure, 
however, that UCR recovery was es- 
sentially complete by the third extinc- 
tion trial and that additional extinction 
trials had little effect on the average 
magnitude of the UCR on the test 
trial. Analysis of variance showed that 
neither the number of extinction trials 
nor its interaction with the conditioning 
procedure was statistically significant. 

It was also of interest to examine the 
relationship between the type of train- 
ing and GSR magnitude in response to 
the CS during extinction, to demon- 
strate the presence of simple condition- 
ing. The CR was measured during 
extinction as the maximum decrease in 
resistance which occurred between 3.0 
and 7.0 sec. after the onset of the CS, 
and was transformed as previously 
noted. Figure 2 shows the average 
GSR (CR) magnitude for the com- 
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Fic. 1. Relationship between the UCR 
difference score and the number of extinc- 


tion trials. 


bined E and C groups on each of the 
first three CS extinction trials. The 
figure indicates that the E groups made 
greater GSRs on the average on each 
of the three extinction trials than the 
C groups, and that little, if any, CR 
extinction occurred on the three trials. 
CR difference scores for each 5 were 
computed by subtracting the average 
magnitude of the GSR on the last three 
CS-alone presentations prior to con- 
ditioning from the average magnitude 
of the GSR on the three extinction 
trials. The observed difference be- 
tween the means of the difference 
Scores was statistically significant, 
t(88) = 2.29, supporting the conclu- 
sion that conventional CR conditioning 
occurred, 


UCR DIFFERENCE SCORES(LOGAC) 
25 
$5 


Discussion 


The results of this experiment demon- 
strate that the CS-controlled inhibitory 
process which depresses the size of the 
UCR during reinforcement extinguishes 
similarly to the CS-controlled excitatory 
process, Those Ss receiving paired con- 
ditioning trials showed greater recovery 
in their UCRs from pre- to 
paired trials than did Ss that received 
unpaired conditioning trials. However, 
there was not a greater recovery by Ss 
in the paired conditioning groups that re- 
ceived a greater number of extinction 
trials and, thus, amount of recovery of 
the UCR was not significantly related to 
the number of extinction trials. 
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Fic. 2. Mean magnitude of the conditioned 
GSR on first three extinction trials, 


Perhaps the development of extinctive 
inhibition (Pavlov, 1927) resulting from 
the CS-only trials was responsible for the 
reduction of the inhibitory process condi- 
tioned by the reinforced trials, But since 
the development of extinctive inhibition 
usually appears to be much slower than 
what would have to be the case in the 
present experiment, it seems that some 
more quickly appearing process will be 
necessary to fully account for the data, 

A likely candidate for this latter role 
may be similar to the disruption of inhibi- 
tion, ie, disinhibition, demonstrated in 
other studies (Hovland, 1936; Pavlov, 
1927; Winnick & Hunt, 1951) by the in- 
troduction of novel or extraneous stimuli 
during extinction. If this is so, it could 


rise in the CR extinction curve following 


an inhibitory effect which re- 

depression of the CR. Calling 
the phenomenon “inhibition of reinforce- 
ment,” he hypothesized that the early ex- 
tinction trials would result in a disruption 
of this inhibition. Hovland concluded 
the data that the increase in CR 
strength on the first few extinction trials 
was due to the disinhibition of the in- 
hibition of reinforcements. If the rela- 


: 
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inhibition, it is not surprising that fur- 
ther trials had little additional influence. 
Data relevant to this explanation would 
come from Ss in a new experiment that 
received only one extinction trial before 
the paired test trial. If the UCR on the 
test trial for these Ss was as large as 
those of Ss that received a larger number 
of extinction trials, the disinhibition ex- 
planation would be strongly supported. 
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MULTIVARIATE ANALYSIS OF PREFERENCE 
FOR VARIABILITY * 


HARRY MUNSINGER? 
University of Illinois 


2 sets of studies are reported concerning the strategies of children and 
adults in their approach to variability of stimulation. Using (a) sam- 
ples of random shapes differing in level of variability, (b) various age 
groupings, and (c) a multidimensional scaling procedure, evidence is 
presented that children and adults differ systematically in their prefer- 
ence for high stimulus variability. An explanation of the age differ- 
ence is proposed in terms of a sampling strategy on the part of younger 
children in response to high stimulus variability. An implication of 
the sampling notion was explored by presenting pairs of shapes to 
adult Ss for judgments at very short exposure durations. It was ex- 
pected that at shorter exposure durations the adult Ss would adopt a 
sampling strategy similar to the younger children and thereby gener- 
ate a preference-variability function comparable to younger children. 


The results confirmed this expectation. 


A simple paired-comparison proce- 
dure (Torgerson, 1958) has been used 
to examine the preference of Ss for 
figures of differing variability as a 
function of (a) long-term experience 
with forms, (b) relatively short-term 
experience with forms, and (c) age of 
S (Munsinger & Kessen, 1964; Mun- 
singer & Kessen, 1966; Munsinger, 
Kessen, & Kessen, 1964). In the case 
of long-term experience with forms, art 
students were asked to state their 
preference for random shapes varying 
from 5 to 40 independent terms, in the 
expectation that their experience with 
geometric figures would have led to the 
development of rules for structuring 
high stimulus variability. These struc- 
turing rules were expected to lead the 
art students to state a preference for 
high-variability stimuli. The prefer- 
ence-variability function found for the 
art students was monotonic and posi- 
tive, while the preference-variability 


1 This research was supported in part by 
a grant from the Carnegie Corporation of 
New York. A 
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function is nonmonotonic for unsophis- 
ticated college Ss. 

In the case of relatively short-term 
experience, a group of college under- 
graduates was asked to state their 
preference over and over again for the 
same figures varying in stimulus vari- 
ability. The expectation was that ex- 
perience with the same set of random 
shapes woud lead to the development 
of rules for their coding or structuring 
and a consequent increase in preference 
for high-variability stimuli. These Ss’ 
preference for figures of high vari- 
ability increased following 2 hr. of 
paired-preference comparison judg- 
ments, supporting the proposition that 
preference for high variability may be 
changed through experience. 

In the case of age, preference of chil- 
dren for figures of high variability was 
explored by means of the same sim- 
ple complete paired-preference analysis 
used with adults. Children in all grades 
of an elementary school made prefer- 
ence judgments of 5- through 40-turn 
random shapes. Children have less 
ability than adults to structure figures 
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of high variability and therefore the 
children were expected to state lower 
preference for the  high-variability 
stimuli. However, children prefer fig- 
ures of high variability far more than 
adults do. This unexpected finding re- 
quired a reconsideration of how chil- 
dren and adults handle high variability 
of stimulation. 

Young children and adults may ap- 
proach high variability of stimulation 
in different ways. Young children 
probably sample high-variability fig- 
ures, attending only to a part of the 
figure which they can structure. Since 
figures of many turns offer more op- 
portunity for this process of selection 
than do figures of few turns, young 
children are more able to find a part 
to structure and they prefer figures of 
high variability. Adults, on the other 
hand, probably attend to the entire fig- 
ure, whatever its level of variability. 
This strategy places an inordinate de- 
mand on adults to structure figures of 
many turns. Their inability to do so 
leads them to express relative dislike 
for the figures of high variability. The 
notion of sampling of high-variability 
stimuli implies that under conditions 
of stimulus impoverishment (e.g., .ta- 
chistoscopic exposure) older Ss would 
state preferences similar to those of 
much younger Ss. This notion was 
explored in a final study of this se- 
ries. The first set of studies reported 
in this paper extend and replicate the 
finding of a decrease with age in pref- 
erence for high-variability stimuli, The 
changing preference-variability func- 
tion with age was replicated using the 
same set of stimuli as before and a 
larger, more representative set, Also, 
two different subject populations and 
both a simple paired-comparison and a 
multidimensional scaling analysis of 
the results were used. 


Srupy I: SIMPLE AND MurTIDIMEN- 
SIONAL SCALING OF PREFERENCE 
FOR VARIABILITY 


Stimulus materials.—T wo complete sets of 
5- through 40-turn random shapes were used, 
One of the sets of random shapes contained 
one example of 5-, 6-, 8-, 10-, 13-, 20-, 31-, 
and 40-turn random shapes. The second set 
of shapes contained seven different examples 
of 5- through 40-turn random shapes in the 
same sequential steps. The first set of stimuli 
was the same as used in previous studies 
(Munsinger & Kessen, 1964), while the sec- 
ond set of stimuli was used to extend the 
generality of the preference-variability func- 
tion by adding a larger sample of shapes at 
each level of variability. 

Subjects—Stimulus Set I (with one ex- 
ample of each random shape at each level of 
variability) was presented to 235 second and 
third graders and to 237 fifth and sixth 
graders from Bottenfield Elementary School 
in Champaign, Illinois? in a complete paired- 
comparison preference sequence (Ross, 1934; 
Torgerson, 1958). In addition, 256 adults 
from the introductory psychology course at 
the University of Illinois were presented 
Stimulus Set I in this same paired-prefer- 
ence sequence. The second set of stimuli 
Cwith seven examples of each of eight levels 
of stimulus variability) was presented to an- 
other group of 50 first through fourth graders 
and to 50 fifth through eighth graders from 
Skokie Elementary School District Number 
68.4 In addition, 21 University of Illinois 
Psychology students received Stimulus Set II 
in a complete paired-preference comparison. 

Procedure—The stimuli were projected in 
Pairs to the front wall of the room in which 
Ss were seated. The Ss were given mimeo- 
graphed sheets showing pair numbers. Op- 
posite each number were the capital letters 
L and R. The E instructed Ss in the fol- 
lowing manner: 


I will show you a series of figures, two 
at a time. I want you to tell me which of 
the two shapes you like better. You circle 
the L if you like the left figure and the R 
if you like the right one. There will be a 


* We wish to thank Ann Mallory and her 
staff at Bottenfield Elementary School, Cham- 
paign, Illinois, for their cooperation during 
the course of this study. 

*We wish to thank Wesley Gibbs and 
his staff of Skokie School District Number 
68 for their cooperation during the course of 
this study. 
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blank slide every ten pairs to help you 
keep track of where we are. O.K.? Let's 
begin. 


(lf questioned E repeated the instructions 
together with an illustration of circling the 
L or the R.) 

Analysis—A complete paired-comparison 
design containing eight objects was used. 
The resulting set of 28 item pairs was pre- 
sented to groups of Ss according to ordering 
procedures developed by Ross (1934). The 
procedures allow optimal control of time, 
space, fatigue, and transfer errors by ran- 
domizing side of appearance, maximizing the 
distance between appearance of the same 
item, and arranging the ordering of items 
to counterbalance fatigue and learning ef- 
fects. In displaying the shapes for judgment 
each pair was exposed for approximately 
6 sec. with a negligible interval between ex- 
posures. 

The Ss' responses were transferred from 
the mimeographed sheets to IBM cards and 
a simple paired-comparisons scaling analysis 
was performed. 'The program used a least- 
squares solution for a complete paired-com- 
parison matrix. The assumptions and proc- 
esses involved in the simple scaling pro- 
cedure are discussed in Torgerson (1958) 
and Munsinger and Kessen (1964). One of 
the products of the simple scaling analysis 
is an 8X 8 matrix. Scores in that matrix 
represent the proportion of time one stimu- 
lus of a particular pair is preferred over the 
other by a group of Ss. One can make the 
assumption that these proportions represent 
proximities (ie, closeness or difficulty of 
choosing among the pair of stimuli). A pro- 
portion of .50 would represent complete simi- 
larity ; i.e., no difference in judgment of pref- 
erence, while a proportion of .01 or .99 would 
represent a very large discrepancy in pref- 
erence, Given this assumption, one may ap- 
ply to the 8X8 matrix of proportions an 
analysis of proximities; a multidimensional 
scaling method developed by Shepard (1962). 
This scaling technique allows one to explore 
the dimensionality of any set of objects, 
given numbers representing the relation be- 
tween pairs in the set. Using an iterative 
solution on a high-speed digital computer, a 
monotonic transformation of these proximity 
measures can be found to convert them into 
explicit distance in Euclidian space. At the 
same time, in order to secure a unique, non- 
trivial solution, the configuration so de- 
veloped is forced into a space of minimum 
dimensionality. Two parameters, alpha and 
beta, determine the rapidity of convergence 


to monotonicity and the rate of approach to 
minimum dimensionality, respectively. 

The process of convergence to monoto- 
nicity and minimum dimensionality is termi- 
nated when the mean-square discrepancy be- 
tween the rank order of the similarities and 
the reversed rank order of the discrepancies 
between coordinates is a minimum. The re- 
sulting coordinates are then rotated to prin- 
ciple axes to reduce the number of coordi- 
nates for each point. The assumptions 
underlying the proximity analysis are essen- 
tially nonmetric. A minimum set of Carte- 
sian coordinates for the pairs is determined 
when the only information for each pair is 
not the distance between, but some unknown 
fixed monotonic function of that distance. 

The product of this analysis is a set of 
dimensions and scale scores for each stimu- 
lus along each dimension. One may plot 
scale scores of the stimuli on each dimension 
as a function of amount of stimulus variabil- 
ity. This graphic procedure allows a com- 
parison between the scale scores of the multi- 
dimensional analysis and the scale scores of 
the simple paired-comparison analysis. If 
comparable results are found using (a) dif- 
ferent groups of Ss, (b) different sets of 
stimuli, and (c) different analysis tech- 
niques, the suggestion that younger children 
prefer high stimulus variability more than 
adults will be on a firm base. And we will 
have an interesting new tool for the ex- 
ploration of relations between stimuli and 
behavior. 


Results.—The simple and multidi- 
mensional preference-variability func- 
tions for the three age groups based 
on Stimulus Set I were the same as 
found before (Munsinger, Kessen, & 
Kessen, 1964). The relation of pref- 
erence and stimulus variability for sec- 
ond and third graders was again mono- 
tonic and positive. The preference- 
variability function for the fifth- and 
sixth-grade children was mnonmono- 
tonic with the older children stating 
lower preferences for the high-vari- 
ability stimuli than the younger chil- 
dren. In the case of adults both the 
multidimensional and simple scaling 
analyses yielded a strongly nonmono- 
tonic function. Adults did not prefer 
very low or very high stimulus vari- 
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Fic. 1, Relation between factor scores 
(preference) of first through fourth graders 
as a function of level of stimulus variability. 
(Seven examples of each level of stimulus 
variability were included in the multidimen- 
sional scaling analysis. ) 


ability, but instead stated a strong pref- 
erence for an intermediate level, 

The multidimensional scaling analy- 
sis yielded more systematic preference- 
variability functions, suggesting that 
the second dimension (which accounts 
for little of the total variance) prob- 
ably reflects measurement errors. The 
more sophisticated multidimensional 
scaling technique extracts some of this 
measurement error producing a better 
estimate of the primary function. In 
the case of the adult preference-vari- 
ability function, the second dimension 
contributed a significant amount of 
variance (26%) and may reflect a sec- 
ond type of response to variability on 
the part of adult Ss. Further research 
might be directed toward variables 
Which differentiate these two types 
of Ss. 

Scaling analyses were performed on 
the preference judgments of other 
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groups of Ss exposed to Set II stimuli 

which contained seven examples of 

each of eight levels of stimulus vari- 

ability. Three age groups were in- 

cluded and both simple and multidi- 

mensional scaling analyses were per- 

formed on these data. The results of 

the simple scaling analysis are de- 
scribed. The . preference-varaibilit a 
functions from the multidimensional - 
Scaling analysis are presented in Fig. 

1, 2, and 3. 

The results of the simple paired-com- 
parison scaling analysis from the new 
groups of Ss and the more representa- 
tive set of stimuli were identical to 
those reported earlier. The young 
group again produced a positive mono- 
tonic relation between preference and 
amount of stimulus variability. For 
the intermediate age group a nonmono- 
tonic function was found, with the older 
children stating lower preferences for 
the high-variability stimuli than the - 
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Fic. 2. Relation between factor scores 
(preference) of fifth through eighth graders 
as a function of level of stimulus variability. 
(Seven examples of each level of stimulus 
variability were included in the multidimen- 
sional scaling analysis.) 
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Fic. 3. Relation between factor scores 
(preference) of college adults as a function 
of level of stimulus variability. (Seven ex- 
amples of each level of stimulus variability 
were included in the multidimensional scaling 
analysis.) 


younger children. And again, the adult 
preference-variability function was 
strongly nonmonotonic. 

Figure 1 presents the results of the 
multidimensional scaling of preference 
for variability from the young children. 
Dimension I of this figure shows an 
increasing monotonic function relating 
preference and stimulus variability. 
The first dimension accounts for most 
of the explained variance (67%). Di- 
mension II of Fig. 1 represents only a 
small proportion of the explained vari- 
ance (11%) and probably reflects 
measurement error. 

Figure 2 presents the multidimen- 
sional scaling analysis of the prefer- 
ence-variability function for intermedi- 
ate age children. A nonmonotonic 
function was found relating stated pref- 
erence and amount of variability of the 
stimuli, Older children state lower 
preference for more variable stimuli 
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than do younger children. Finally, in 
Fig. 3 are shown the results of the 
multidimensional scaling analysis of 
the preference-variability function for 
the adult Ss. The strongly nonmono- 
tonic function relating preference and 
variability is shown by Dimension I. 
In addition, a second nonmonotonic 
function, with a point of inflection in 
the low-variability range is apparent. 
These two functions probably reflect 
divergent approaches to the processing 
of variability of stimulation on the part 
of adult Ss. 


Discussion.—Taking the results from 
earlier work (Munsinger, Kessen, & Kes- 
sen, 1964) and those reported here (using 
different groups of Ss, different sets of 
stimuli, and a multidimensional scaling 
analysis), we find essentially comparable 
results, First, there is an inflection 
in the preference-variability function at 
around 10 independent turns, Second, 
there is a systematic decrease in prefer- 
ence for high stimulus variability with 
older Ss, The inflection of the prefer- 
ence-variability function at around 10 in- 
dependent turns may be subsumed under 
the notions of (a) a limit on the ability 
of Ss to process variability of stimulation, 
and (b) preference of Ss to process at or 
near their limit (Munsinger & Kessen, 
1966). The second finding of a decreas- 
ing preference for high-variability stimuli 
as a function of age may be understood 
if we assume that the younger children 
sample high stimulus variability, 


Srupy II: PREFERENCE FOR VARI- 
ABILITY UNDER DIFFERING 
EXPOSURE DURATIONS 


The second study of the present re- 
port was designed to test this notion 
of sampling of high variability stimuli. 
Two groups of adult Ss were presented 
paired-preference comparisons under 
two different exposure durations. The 
assumption was that at relatively long- 
exposure durations (i.e., 6 sec.), adult 
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Fic. 4. Relation between preference and 
level of variability for groups of Ss who 
made paired-comparison judgments at a 
short (1-sec.) or a longer (6-sec.) exposure 
duration. 


Ss attend to all of the presented 
stimulus variability and would generate 
a nonmonotonic preference-variability 
function. However, with stimulus im- 
poverishment at short-duration expo- 
sure (ie, 1 sec.) adults may shift to 
the same strategy that young children 
use; ie. they may sample the high- 
variability figures. The implication of 
this shift to a sampling strategy would 
be that under short-duration exposure 
adults would state stronger preferences 
for the high-variability stimuli. 


Subjects. —Two groups of 80 Ss from the 
introductory Psychology classes at the Uni- 
versity of Illinois served in this study. 

Procedure.—Essentially the same proce- 
dure was used in this study as in the previ- 
ous one. That is, the stimuli were projected 
to the front wall of a room in which Ss were 
seated and they were asked to state their 
preference for one item of the pair. One 


while the second group of Ss was exposed 
to the same pairs of stimuli for only 1 sec. 
each. The Ss’ responses were transferred 
from the response booklets to IBM cards 
and a complete paired-comparisons scaling 
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analysis was performed. 
the 5-, 10-, 20-, and 40-turn stimuli in each 
of the two groups were entered into a re- 
peated-measures analysis of variance. 


Results.—The relevant statistic of 
comparison is the interaction of Pres- 


: entation Duration X Level of Stimulus 


Variability. The expectation was that 
those Ss who received the paired-pref- 
erence comparison at a short-duration 
exposure (1 sec.) would state a higher 
preference for high-variability stimuli 
than would the group of Ss who stated 
preferences for the same pairs of stimuli 
at 6-sec, exposure duration. The sig- 
nificant interaction of Presentation 
Duration X Level of Stimulus Vari- 
ability, F (3, 474) = 6.02, p < .001, is 
shown in Fig. 4. Mean number of 
“Votes for" the 5-, 10-, 20-, and 40-turn 
stimuli are plotted separately for the 
short- and longer-duration exposure 
groups. The prediction of strong pref- 
erence for the high-variability figures 
by Ss who received the short-duration 
exposures was confirmed. The stimuli 
used in this study contained seven ex- 
amples at each of eight levels of stimu- 
lus variability, The same group of Ss 
who received a short exposure to the 
stimuli for preference judgments were 
also asked to estimate the number of 
turns of random shapes presented at an 
exposure duration of 200 msec. A cor- 
relation ratio (Eta) was computed be- 
tween Ss’ preference for 20- and 40- 
turn random shapes and their accuracy 
of estimation of the 20- and 40-turn 
random shapes. A scatter plot of the 
relation between estimation accuracy 
and preference at l-sec. duration ex- 
posure revealed that over one quarter 
of the Ss were low on estimation ac- 
curacy and high on preference (these 
are the groups of Ss who presumably 
cannot process the information, prob- 
ably adopt a strategy of stimulus sam- 


The “votes for” — 
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pling, and therefore prefer high-vari- 
ability stimuli, even though they cannot 
process them). A few Ss were ac- 
curate in estimation of the high-vari- 
ability figures, but stated low prefer- 
ence for them (what process is in- 
volved here is difficult to understand). 
The remaining Ss were high both on 
estimation accuracy and preference for 
high-stimulus variability. The signifi- 
cant interaction of exposure duration 
and stimulus variability and the high 
correlation ratio (Eta — .91) relating 
estimation and preference for stimulus 
variability both support the notion that 
many adults, when given brief dura- 
tion -for making paired-comparison 
judgments, adopt a strategy of sam- 
pling much like younger children. 
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SOME ARTIFACTUAL CAUSES OF PERCEPTUAL PRIMACY 


JOHN J. B. AYRES? 
University of Kentucky 


Columns of 10 filled and unfilled circles bisected by a fixation cross 
were exposed tachistoscopically for .13 sec. Prior to each exposure 
each S was told to reproduce the pattern either from top to bottom, 
from bottom to top, from center out, or was given an option. On 3 of 
the trials a “fixation forcer" was used in an attempt to restrict eye 
movements occurring prior to or during target exposure. The results 
revealed no difference in accuracy of perception between the north and 
south hemifields when order of report and preexposure set were con- 
trolled, and suggested that the fixation forcer did restrict eye move- 
ments, A "post exposure process" is not needed, therefore, to account 
for previous findings of north hemifield primacy. A replication of the 
experiment but with horizontal exposures and recording sequences sup- 
ported the same conclusions with respect to primacy in the left hemifield. 


"Perceptual primacy" is here de- 
fined as a difference in accuracy of 
perception favoring elements in one 
visual hemifield at the expense of ele- 
ments in the other. Heron (1957), 
Ayres and Harcum (1962), and Har- 
cum, Hartman, and Smith (1963) 
have found such a primacy effect for 
elements in the left visual hemifield. 
"They have suggested that the effect is 
due to a "perceptual process" or “post 
exposure process” involving the scan- 
ning of a memory trace, afterimage, 
or some kind of “persistent neural ac- 
tivity” in a consistent direction, More- 
over, this perceptual process is usually 
thought to be a result of English read- 
ing habits, and it is suggested that 
left-right reading habits modify neural 
organization in such a way that for 
most Ss the memory traces must be 
scanned from left to right. Left field 
primacy, therefore, is explained by the 
fading out of the traces of rightmost 
elements while the traces of leftmost 
elements are scanned. 


! Now at Psychology Branch, Pioneering 
Research Division, United States Army Na- 
tick Laboratories, Natick, Massachusetts, 


Harcum (1958b) has found a simi- 
lar primacy effect for elements in the 
north hemifield ; however, he controlled 
neither the direction of his Ss' re- 
sponses nor their preexposure atten- 
tional sets—variables which have since 
been shown to be of considerable im- 
portance (Ayres & Harcum, 1962; 
Harcum et al., 1963). In addition, 
although Harcum (1958b) used ex- 
posures brief enough to preclude eye 
movements during target exposure, his 
Ss could have shifted their gaze away 
from the fixation point prior to target 
exposure either deliberately or unin- 
tentionally. Such eye movements in 
conjunction with a preexposure set 
possibly favoring topmost elements 
could have contributed to the north 
hemifield primacy Harcum obtained. 

Experiment I was designed to in- 
vestigate north hemifield primacy, 
while controlling direction of response 
and preexposure set, and to find in- 
direct evidence for the existence of eye 
movements occurring either prior to or 
during target exposure. If such evi- 
dence could be found, a reevaluation 
of primacy in the left hemifield might 
be indicated. 
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ARTIFACTS OF PRIMACY IN TWO VISUAL FIELDS 


EXPERIMENT I? 


Method 


Subjects.—The Ss were 14 introductory 
psychology students at the University of 
Kentucky. When wearing glasses none had 
less than 20/30 vision in either eye. 

Apparatus.—Each target, consisting of a 
column of 10 circles bisected by a fixation 
cross, was presented at a distance of 231% 
in. in a Gerbrands modified Dodge tachisto- 
scope. Ten patterns and their mirror images 
were used. Five circles in each pattern were 
filled and five were left unfilled. "There were 
always at least two filled elements on either 
side of fixation, and each element was filled 
exactly 10 times in the set of 20 patterns. 
The patterns were drawn in India ink and 
centered in a white target field subtending 
a visual angle of 17°55’ while the target 
pattern itself subtended an angle of 6?26'. 
The diameter of each circle was 4 mm. The 
distance between each circle was 3 mm., and 
the length of the arms of the fixation cross 
was 4 mm. The distance between the arms 
of the fixation cross and the adjacent circles 
was 5 mm. 

A fixation forcer was used on half of the 
trials in an attempt to restrict possible eye 
movements, It consisted of a 110-v. ac neon 
lamp mounted in two wooden blocks affixed 
to the back of the preexposure field. In the 
center of the preexposure field was cut a 
l-in. square hole through which the block 
closest to S' could be seen. This block was 
painted white to match the preexposure field. 
Through it a .063-in. hole was drilled, and 
the fixation light could be seen shining in it. 
The light was centered in the l-in. square 
cut in the preexposure field and was used as 
the preexposure fixation point by Ss. It was 
made dim enough that it could not be seen 
by Ss looking more than one element away 
from it. The light was wired into the 
tachistoscope circuit in such a way that S's 
could not expose a target unless the light 
was on; and, since the light remained on for 
only .350 sec, Ss had to concentrate on it 
intently in order to catch it during its "on" 
cycle and thus expose the pattern. It was 
assumed that forcing Ss to concentrate on 
fixation and to react quickly would prevent 
them from shifting their gaze from fixation 
prior to target exposure. 


2 Experiment I, based on a masters thesis 
submitted to the Department of Psychology 
at the University of Kentucky, was directed 
by James M. Whitehouse. 
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Procedure.—The Ss viewed the targets 
binocularly and attempted to reproduce them 
on dittoed answer sheets containing 160 
columns of 10 unfilled circles with a fixation 
cross between the fifth and sixth elements. 
An error was scored when S checked an 
unfilled circle or left unchecked a filled 
circle. 

The Ss were forced to record either from 
top to bottom (TD condition), from bottom 
to top (BU condition), from center out (CO 
condition), or were given an option (OP 
condition). 

During the CO trials E instructed Ss to 
begin with the filled circle immediately above 
fixation half of the time and immediately 
below fixation half of the time by saying 
"center up" (CU condition) or "center 
down" (CD condition). Having checked 
the filled circle nearest fixation, Ss then 
worked outward from fixation by alternat- 
ing from top to bottom until all filled circles 
had been indicated. 

To make preexposure set equal for top 
and bottom elements, all of the response in- 
structions were given prior to target ex- 
posure. 

Each S received 160 presentations, 80 un- 
der the fixation forced condition (FF con- 
dition) and 80 under the nonfixation forced 
condition (NFF condition). Half of the 
Ss received the FF condition first, half the 
NFF condition first. The order of the re- 
sponse instructions and target presentations 
were random with the restriction that each 
pattern was exposed 4 times in 80 presenta- 
tions, once under each different response 
condition. All targets were exposed for .130 
sec. Illumination at the target was 23 ftc, 
Field luminance was approximately 15 ftl. 


Results 


Accuracy was greatest for elements 
recorded earlier in the response se- 
quence (Fig. 1, Panels A through F). 
Moreover, accuracy at the bottom of 
the pattern when Ss recorded from 
bottom to top was equal to accuracy at 
the top of the pattern when Ss re- 
corded from top to bottom (Fig. 1, 
Panels G and H). There was no 
difference in accuracy between the 
top and the bottom when Ss re- 
corded from center out (Fig. 1, Panel 
D). To obtain statistical support for 
these general statements, the percent- 
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Fic. 1. Mean number of errors per ex- 
posure under forced and nonforced fixation 
conditions with A—Top-down recording; 
B—Bottom-up recording; C—Optional re- 
cording; D—Center-out recording; E—Cen- 
ter-up recording; F—Center-down record- 
ing; G and H—Top-down and bottom-up 
recording but with the bottom-up curve 
reversed. (Elements are numbered from 
top to bottom.) 
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age of errors at the top half of the pat- 
tern under TD, OP, and CU condi- 
tions was compared with the percentage 
of errors at the bottom half of the pat- 
tern under BU, BU, and CD condi- 
tions, respectively. The comparisons 
were made separately under NFF and 
FF conditions. Wilcoxon tests on 
paired replicates? revealed that in no 
comparison did the percentage of er- 
rors at the top differ from that at the 
bottom at the .05 level of confidence. 
There was some evidence to suggest 
that the fixation forcer significantly re- 
stricted eye movements. Interpreta- 
tion of this evidence is based on the as- 
sumption that Ss told to record from 
3 Unless otherwise indicated, statistical 


analyses were made by Wilcoxon's test on 
paired replicates. 
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top to bottom or from bottom to top set 
themselves to shift fixation to the top 
or to the bottom prior to target ex- 
posure. Since Ss would presumably 
make fewer errors at the fixated end, 
restricting eye movements to the cen- 
ter of the pattern should decrease ac- 
curacy at the normally fixated end and 
perhaps increase it at the opposite end. 
Restricting eye movements, then, 
should tend to flatten the error-posi- 
tion curve and reduce the difference 
between errors at the normally fixated 
and opposite ends (Fig. 1, Panels A 
through F). A Wilcoxon test on 
paired replicates revealed that the dif- 
ference between errors at the fixated 
and opposite ends was significantly 
smaller under the FF condition than 
under the NFF condition when TD, 
BU, and OP sequences were used 
(p < 01, .05, and .05 for TD, BU, 
and OP, respectively). 

By analyzing the CO error-position 
curve (Fig. 1, Panel D) into its CU 
and CD components (Fig. 1, Panels 
E and F) it is possible to discern the 
effects of eye movements under the co 
condition. For when the differences in 
errors between the normally fixated 
and opposite ends of the pattern are 
computed separately and then com- 
bined, they are significantly smaller 
under the FF condition than under the 
NFF condition (p < .05). Note that 
eye-movement effects cannot be deter- 
mined by examining the CO curve 
alone. Since the CO condition is com- 
posed of CD and CU conditions, Ss 
presumably look up half the time and 
down half the time; hence, the eye 
movement effects cancel out. 

An alternative interpretation to the 
evidence for eye movements might be 
that the fixation forcer merely reduces 
overall accuracy but appears to affect 
only the “scanned” end of the pattern 
because accuracy at the “nonscann 
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end is already at a chance level and 
cannot be lowered any further. If 
chance alone were operating, however, 
S would mark each element correctly 
only half the time. At any given ele- 
ment he would make 10 errors in 20 
exposures (TD, BU, and OP condi- 
tions) and 5 errors in 10 exposures 
(CU and CD conditions). With 5 ele- 
ments at the nonscanned end, S should 
make 50 errors there under TD, BU, 
and OP conditions and 25 under CU 
and CD conditions. When these “ex- 
pected” errors were compared with the 
obtained errors under the least-accurate 
condition (FF condition), the obtained 
errors at the nonscanned end were sig- 
nificantly lower than chance under TD, 
OP, and CU conditions (p < .05, .01, 
and .01, respectively). 

The response preferences of Ss given 
OP instructions indicate that TD is 
the preferred marking sequence, for 
during the NFF condition approxi- 
mately 82% of the responses were re- 
corded from top to bottom, 7% from 
bottom to top, and 11% in a mixed 
manner. The CD method was used 
once. Six of the 14 Ss recorded from 
top to bottom on every possible occa- 
sion. Preferences under the FF condi- 
tion were essentially the same. 

Ayres and Harcum (1962) and 
Harcum et al. (1963) have shown that 
overall accuracy of reproduction is 
greatest when S is forced to use his 
favored response sequence. This find- 
ing was partly confirmed here. The 
TD sequence was significantly more 
accurate than the CO sequence, but 
under the NFF condition BU and OP 
marking sequences were also signifi- 
cantly more accurate than the CO se- 
quence (p < .01 for both BU and OP 
Sequences). Under the FF condition 
only the TD sequence produced signifi- 
cantly fewer errors than the CO se- 
quence (p< .05), and under both 
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fixation conditions accuracy under TD, 
BU, and OP conditions did not differ 
significantly, 

Discussion 

The results indicate that there is no 
difference in accuracy of perception in 
the north and south hemifields when order 
of report and preexposure set are con- 
trolled. 

It seems likely that the primacy in the 
north hemifield obtained by Harcum 
(1958b) was due to consistent top-to- 
bottom recording as he suggested. Har- 
cum did not require his Ss to mark in 
any specific sequence, and the present 
study has shown that when given an 
option, Ss record from top to bottom 
about 80% of the time. Harcum’s find- 
ings may also have been contaminated by 
preexposure set, but the effects of this 
artifact cannot be separated from those 
of consistent response habits in the pres- 
ent study. 

Since previous findings of north hemi- 
field primacy can be accounted for in 
terms of consistent response habits and/or 
preexposure set, it does not seem neces- 
sary to postulate the existence of a scan- 
ning mechanism which scans a fading 
memory trace consistently from north to 
south, Whether postulation of a similar 
mechanism is needed to account for left 
hemifield primacy is the question asked 
in Exp. II. Except for the faster target 
exposure employed here Exp. II is essen- 
tially a replication of the “preknowledge” 
condition of Harcum et al. (1963). 


EXPERIMENT IT 


Method 


Subjects—The Ss were an independent 
sample of 19 introductory psychology stu- 
dents. None had less than 20/30 vision in 
either eye when wearing glasses. 

Apparatus and procedure.—The apparatus 
and procedure were identical to those used 
in Exp. I except that the patterns were 
rotated 90° counterclockwise; i.e., they were 
presented horizontally both in the tachisto- 
scope and on the dittoed answer sheets. The 
Ss were instructed to record either from left 
to right (LR condition), from right to left 
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(RL condition), from center out (CO con- 
dition), or were given an option (OP 
condition). 

The CO condition was eps to ves 
used in . I except that Ss began at the 
left M uL pattern on half of the CO 
trials (CL condition) and at the right half 
on half of the trials (CR condition). The 
fixation forcer was employed exactly as in 
Exp. I. Ten Ss received the FF condition 
first while 9 received the NFF condition 
first. 


Results 


As in Exp. I accuracy was greatest 
for elements recorded earlier in the 
response sequence (Fig. 2, Panels A 
through F). Accuracy at the right 
of the pattern when Ss recorded from 
right to left was equal to that at the 
left of the pattern when they recorded 
from left to right (Fig. 2, Panels G 
and H). There was no difference in 
accuracy between the left and the right 
when Ss recorded from center out 
(Fig. 2, Panel D). Comparisons of 
the percentage of errors at the left half 
of the pattern under LR, OP, and CL 
sequences with that at the right half 
under RL, RL, and CR sequences 
were made separately under NFF and 
FF conditions. The percentage of er- 
rors at the left was significantly lower 
than that at the right in only one of the 
six comparisons (OP vs, RL, FF con- 
dition; p =.05). A similar compari- 
son was made of the percentage of er- 
rors at the top of the pattern under 
TD reporting (Exp. I) with the per- 
centage at the /eft of the pattern under 
LR reporting (Exp. II). A Wilcoxon 
test on unpaired replicates failed to re- 
veal any significant differences. 

Again there was some evidence to 
suggest that the fixation forcer sig- 
nificantly restricted eye movements. 
The difference between errors at the 
fixated and opposite ends was signifi- 
cantly smaller under the FF condition 
than under the NFF condition when 
LR, CR, and RL sequences were used 
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MEAN NUMBER OF ERRORS PER EXPOSURE 


FEXUPDETT 


L'EXEHEHREH 
T POSITION 
Fic. 2. Mean number of errors per 
posure under forced and nonforced fixa! 
conditions with A—Left-to-right 
B—Right-to-left recording; C—Optional 
cording; D—Center-out recording; E— Cen- 
ter-left recording; F—Center-right reco 
ing; G and H—Left-to-right and right- 
recording but with the right-to-left c 
reversed. (Elements are numbered from I 
to right.) 


(p < .02, .05, and .01 for LR, CR, and 
RL sequences, respectively; Fig. 
Panels A, B, and F). The hyp 
sis that this finding is due to the 
that accuracy at the nonfixated end 
already at a chance level is again 
out by the fact that even under the 
condition, accuracy at the nonfi 
end of the pattern was significantl 
better than chance under all the repor 
conditions (p < .01 for all conditions) 

The response preferences of Ss giv 
OP instructions indicate that LR 
the preferred marking sequence. 
example, during the NFF con 
approximately 92% of the resp 
were recorded from left to right, ' 
from right to left, and 6% in a 
manner. The CR method was 
once. Fight of the 19 Ss recorded 
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from left to right on every possible 
occasion. The preferences during the 
FF condition were essentially the same. 
These results are in general agreement 
with those of Exp. I and those of 
Ayres and Harcum (1962), and Har- 
cum et al, (1963). 

The data obtained here with respect 
to overall accuracy differed slightly 
from those of Exp. I. In general these 
data support the contention (Ayres & 
Harcum, 1962) that accuracy is great- 
est when S is forced to use his favored 
response sequence. Under the NFF 
condition only the LR and OP se- 
quences were more accurate than the 
CO condition (p < .01 in both cases). 
Under the FF condition the LR se- 
quence was more accurate than CO 
and RL sequences (p < 01 and .05 
for CO and RL sequences, respec- 
tively). The OP sequence was more 
accurate than CO and RL sequences 
(p < .01 and .02 for CO and RL se- 
quences, respectively), and the RL se- 
quence was more accurate than the 
CO sequence (p < .05). 


Discussion 


In Exp. II the control of order of 
report and the “equalization” of pre- 
exposure set virtually eliminated primacy 
in the left hemifield. This result differs 
considerably from the findings of Harcum 
et al, (1963) who controlled the same 
. variables and used apparatus and proce- 

dures similar to those of the present 
investigation. The chief difference be- 
tween the two studies would seem to be 
the use of different exposure speeds—.20 
sec. in the Harcum et al. study vs. .13 
sec. here. It is interesting to note that 
although primacy effects have been ob- 
tained in studies using exposures faster 
than .13 sec, (Harcum, 1958a, 1958b, 
€.g.), in none of these studies were order 
of report and preexposure set controlled. 

A reasonable effect of reduced exposure 
duration would seem to be restriction of 
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eye movements, And since evidence for 
the existence of eye movements occurring 
prior to or during target exposure was 
obtained in both Exp. I and Exp. II, it 
may be that eye movements are a more 
important cause of left hemifield primacy 
than previously believed. Certainly the 
difference between FF and NFF condi- 
tions obtained here suggests that eye 
movements may have occurred in the 
Ayres and Harcum (1962) study and in 
the Harcum et al. (1963) study. If eye 
movements did occur in these investiga- 
tions, and if the tendency to look to the 
left of a line is stronger than the tendency 
to look to the right, then such eye move- 
ments may have favored the left hemi- 
field. 

In short, the present data, taken to- 
gether with the findings of Harcum et al, 
(1963) suggest that perceptual primacy 
is an artifact of order of report, pre- 
exposure set, and eye movements, Postu- 
lation of fading memory traces which 
must be scanned in some consistent direc- 
tion does not seem necessary to account 
for the phenomenon. 
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TEMPORAL INTEGRATION: RELATIVE VALUE OF RE- 
WARDS AND PUNISHMENTS AS A FUNCTION - 
OF THEIR TEMPORAL DISTANCE FROM 

THE RESPONSE 


K. EDWARD RENNER 
University of Illinois 


Temporal gradients of both reward and punishment were derived in the 
same apparatus for a similar position response. The resulting slope of 
the temporal gradient of reward was steeper than the temporal gradient 
of punishment, The reward and the punishment were selected so that 
the 2 temporal gradients intersected. A delay interval cue, associated 
with the correct or incorrect side, acquired positive or negative second- 
ary reinforcement capacity for both food and shock reinforcement. The 
difference in slope of the 2 types of gradients was demonstrated further 
by showing that an immediate shock-food combination was preferred 
over a delayed presentation of the same shock-food combination. The 
results were related to the process of temporal integration by the as- 
sumption that the net value of a combined delayed reward and punish- 
ment may be described by the underlying temporal gradients of reward 
and punishment. 


Renner (19642) has shown that the in their slope should be obs 
slope of the temporal gradient of re- a preference task requiring tempo 
ward may be steeper than the temporal integration. Specifically, in a c 
gradient of punishment. Previously, where a steep temporal gradient. 
there had been no comparable data reward intersects with a less ste 

ture of these two types of temporal gradient of punishment, th 
Bradients, as noted in a recent review an immediate reward and punishme 
of the delay of reinforcement litera- should have a net positive value, b 
ture (Renner, 1964b). One purpose the same combined reward and pun 
of the present study was to confirm the ment should have a net negative 
observation that the slope of temporal if delayed beyond the point where 
gradient of reward may be steeper than two temporal gradients cross, This 
the i sumption was tested by providing add 
tional Ss with a choice between | 
immediate or delayed presentatio 
the same shock-food reinforcem 

A second purpose was to d 
if a delay interval cue, on either 
correct or the incorrect side, woul 
acquire, respectively, positive and n 
tive derived secondary reinfo 
power for both reward and punishme 
The incremental and S un 

* This work was supported ; tion of such cues had not "T 
Health Service Research Grant Mos pirically determined under comp 
from the National Institute of Mental conditions (Renner, 1964b). The in 

plications are of theoretical interest j 
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TEMPORAL GRADIENTS FOR REWARD AND PUNISHMENT 


relation to current work on the process 
of temporal integration (Renner, 
1964a) and to Mowrer's (1960) re- 
vised view of secondary reinforce- 
ment. 


Mernop 


Temporal Gradients 


Design and subjects—The Ss were 170 
naive female Long-Evans rats, approximately 
85 days old at the beginning of the i- 
ment. All Ss were trained for a ition 
response with the food Ss being rewarded 
for a correct response after either 0, 7, or 
30 sec. delay and the punishment Ss receiving 
shock for an incorrect response after either 
0, 3, 7, 15, 30, or 60 sec, delay. Other 7- and 
30-sec, delay groups received a light cue 
on either the positive or on the negative 
side for both food and shock Lapeer 
thus yielding eight cue 
to the three reward and A punishment 
groups. An independent test for the derived 


situation, Gola) did 
Apparatus, —The apparatus to ive 
the temporal gradients of reward and sh- 
ment has been described previously (Renner, 
1964a). Briefly, it was a wooden box with 
: temporary start box in the center and 
our separate permanent compartments: two 
delay-shock chambers, one on either side of 
the start box, and two goal-escaj 
one at each end of the box. 
had a grid floor that could be electri 
The goal-escape boxes and delay- 
chambers were 8-in, cubes, and the 
porary start box was 8X 8 X 375 in. 
The inside of the tus was 
15-w. lamp in the of each 
be flashed at the rate of two .25-sec. 
per sec, When the two 
overhead-storing, start-box 
raised, S had free access to the 
shock chambers located on its 
right side, respectively. 
in the center of the apparatus, 
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two 
left or 


interval timers which — her 
all events and operated motors com 


trolled the goal-box doors, (b) forced S to 
step into either the Da cee 
of the box, and (c) by the apparatus 
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The test for the derived secondary rein- 
forcement capacity of the light cue was 
made in a standard two-bar Skinner box 
enclosed in an ice chest. An identical 15-w. 


lamp was located in the roof of the 
tex One ba iscontinued the flashing light 


schedule prior to preliminary training, 
were kept in individual cages and recei 
10 gm. of powdered food daily. The diet 
and the feeding procedure remained the same 

the experiment, Punishment 5s 
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start of 1 wk. of pretraining. 
all n were handled 
lor 
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waited out the delay interval and were then 
given entry into the goal box without re- 
ceiving the shock. For the cue Ss, the 
flashing light cue came on after the response 
was made, and stayed on for the duration of 
the delay interval. All Ss were run to a 
criterion of 18 out of 20 correct responses 
on 2 consecutive days of training. 

The positive-cue, negative-cue, and no-cue 
groups of the 7- and 30-sec. delay groups, 
for both food reward and shock, were placed 
in the two-bar Skinner box 5 min. daily 
during the first 10 days of their acquisition 
training in order to determine if the light 
cue had acquired derived secondary rein- 
forcement power. The Ss were placed in the 
box with the flashing light cue either on or 
off on alternate days. On days when the 
cue was on, a bar press would turn the light 
off; whereas, on days when the cue was off, 
a bar press would turn it on. If the cue 
had acquired incremental or decremental 
capacity, as a function of its association with 
the correct or incorrect choice, it should 
increase and decrease, respectively, the fre- 
quency of bar presses as compared to the 
similar no-cue delay group. Bar-pressing 
performance for all Ss was based on Days 
9 and 10 of exposure to the experimental 
conditions regardless of when the acquisition 
criterion was achieved. The order in which 
each of the four Ss in a given squad went 
into the Skinner box was varied; on differ- 
ent days, each S received the test trial either 
0, 5, 10, or 15 min. after its daily acquisi- 
tion trials. 


Preference Approach 


Choice task—Four naive female Long- 
Evans rats, 90 days old at the start of the 
experiment, were run in the choice apparatus 
used to derive the temporal gradients. They 
had a choice between a shock-food combina- 
tion given immediately on one side of the 
apparatus, or given after a 30-sec. delay 
on the other side of the apparatus. The Ss 
were adapted to the apparatus in a similar 
manner as described for deriving the gra- 
dients, the exception being that a liquid food 
reward was used. At the start of training, 
Ss received all of their daily ration, 3-4 
teaspoons of liquid diet, in the experimental 
apparatus. A response to the left side re- 
sulted in an immediate shock of 5 ma. of 
.75 sec. duration, and at the termination of 
Shock, entrance was provided into a goal 
box containing one half of the daily ration 
of food. A response to the right side re- 
sulted in a delay interval of 30 sec, after 
which S' received the same punishment, fol- 
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lowed by entry into the goal box containing 
one halí of its daily ration. The Ss were 
given two trials per day, consisting of one 
free trial and one forced trial, thus equating 
experience to both sides of the apparatus 
for all Ss. Preference for one of the two 
inescapable and unavoidable shock-food com- 
binations was observed. Each S received 
43 free and 43 forced trials over a 7-wk. 
period. 

Bar-pressing task.—Two additional naive 
female Long-Evans rats, 80 days old at the 
beginning of the experiment, were trained 
to bar press in the two-bar Skinner box 
used for the cue test. If Ss pressed one bar 
they received simultaneously an immediate 
shock of .5 ma. of 5 sec. duration and one 
standard 45-mg. pellet. A response on the 
second bar resulted in the same shock and 
food reinforcement delivered after a 20-sec. 
delay interval. It was anticipated that the 
immediate shock-food reinforcement would 
be combined into a net positive value, but 
that the same shock-food reinforcement de- 
livered after a delay interval would be nega- 
tive in net value, and that if appropriate 
values were selected, Ss would prefer the 
immediate shock-food combination. The Ss 
were kept in individual cages and received 
all of their daily ration through bar pressing 
in the Skinner box. They were run for a 
3-hr session each day for a 6-wk. period. 
The Ss showed a distinct preference for the 
bar nearest the food cup, and in designing 
the experiment, the bar nearest the food cup 
was made to deliver the delayed shock-food 
combination. Thus, if positive results were 
to be obtained, it would be necessary to 
Overcome the initial response bias of Ss 
which was against the prediction. 


RESULTS 


Temporal gradients —Figure 1 shows 
that for days to criterion and for total 
number of errors, with immediate re- 
inforcement, food-reinforced Ss per- 
form better than shock-reinforced $5; 
but, the relative superiority of the two 
groups was reversed with a sufficiently 
long delay interval. If plotted as typi- 
cal gradients, the data would show the 
temporal gradient of reward to be 
steeper than the temporal gradient of 
punishment. Analysis of variance of 
the six no-cue groups at 0-, 7-, an 
30-sec. delay intervals indicated that 
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Fic. 1. Mean number of days to criterion 
and mean number of total errors as a func- 
tion of delay of reinforcement for the 7 
reward groups and the 10 punishment groups. 


the interaction between type of incen- 
tive and length of the delay interval 
falls short of statistical significance for 
days to criterion, F (2, 54) — 2.897, 
p € .10, and for total number of errors, 
F (2, 54) 22725, p <.10. How- 
ever, the Incentive X Delay interac- 
tion term is significant for days, F (1, 
108) = 11.677, p < .005, and for er- 
rors, F (1, 108) = 12.576, p < .001, 
when the cue groups are included by 
using a three-way analysis of variance 
of cue, type of incentive, and delay. A 
further indication of the differential 
slope is the better overall performance 
of shock groups, at the p < .025 level 
in the three-way analysis referred to 
above, despite the superiority of the 
food group with immediate reinforce- 
ment, 

As expected, performance was poorer 
with delay of reinforcement for days 
to criterion, F (2, 54) = 14.376, p < 
.001, and for errors, F (2, 54) = 
11.378, p<.001. The effect was 
stronger in the three-way analysis of 
variance that included the cue groups; 
the main effect of delay was significant 
for days to criterion, F (1, 108) = 
31.855, p < .001, and for errors, F (1, 
108) — 25.166, p « .001. 

From past work, it was expected 
that delay-interval cues would facili- 
tate acquisition (Renner, 1963; see 
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also Renner, 1964b). However, there 
was no main effect of cues for days to 
criterion, F (2, 108) — 0.531, or for 
errors, F (2, 108) — 0.823, and no in- 
teraction term approached significance. 

The separate bar-pressing task was 
used to assess whether or not the posi- 
tive and negative cues acquired derived 
secondary reinforcement power of a 
decremental or incremental nature for 
food and shock reinforcement. Food 
groups made significantly more bar 
presses than shock groups, at both the 
7-sec. delay, F (1, 54) = 9.880, p < 
005, and the 30-sec. delay interval, 
F (1, 54) = 4.370, p < .05, but type 
of reinforcement (food or shock) had 
no significant interaction terms. Thus, 
the important interaction between the 
value of the cue and the frequency 
of turning the light on or off was 
based on the combined effects pro- 
duced by both types of reinforcement. 
For the 30-sec. delay condition, the 
operant level of the no-cue control for 
turning the light on was 17 responses, 
as contrasted with 37 by the positive- 
cue, and 8 by the negative-cue, groups. 
The similar operant level for turning 
the light off was 12, to be contrasted 
with 10 for the positive-cue Ss and 20 
for the negative-cue Ss. This inter- 
action term was significant, F (2, 54 = 
6.474, p < .005, reflecting the tendency 
across both types of reinforcement to 
turn the cue on when it was positive 
but not when it was negative, and of 
turning the cue off when it was nega- 
tive but not when it was positive. The 
same general finding was obtained for 
the 7-sec. condition, where the oper- 
ant level of the no-cue group for turn- 
ing the light on was 23, contrasted with 
27 for positive-cue and 17 for negative- 
cue groups. The similar operant level 
for turning the light off was 22, con- 
trasted with 12 for the positive-cue, 
and 24 for the negative-cue, Ss. The 
values were in the expected direction 
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TABLE 1 


SuwMARY or Bar-Press Data SHOWING 
PREFERENCE OF Two Ss FOR IMMEDIATE 
OVER DELAYED SHOCK Foop 


Ma No. Eurctntege to 
Wk. 

si S2 St S2 

1 191 254 96 75 
2 132 174 87 43 
3 147 238 15 60 
4 95 168 31 39 
5 93 192 17 21 
6 83 97 13 15 


but failed to reach significance, F (2, 
54) = 2276, p < .10. 

Preference approach.—The four Ss 
which were given a choice between im- 
mediate or delayed shock food showed 
a final preference for the immediate 
side, after an initial preference for the 
delay side. The mean percentage of 
responses to the immediate side over 
the 7 wk. of testing was 28, 25, 35, 20, 
50, 67, and 95. An Ss X Treatments 
analysis of variance yielded a signifi- 
cant trials effect, F (6, 18) — 5.147, 
p < .01, indicating that the proportion 
of responses to the immediate side was 
significantly greater at the end than at 
the beginning of training. For ex- 
ample, Wk. 7 exceeded Wk. 1, t (3) 
= 4.21, p «.025, and the combined 
percentage for Wk. 6 and 7 was 
greater than the combined percen 
for Wk. 1 and 2, ¢ (3) — 394, ^d 
025. There was also a significant Ss 
effect, F (3, 18) 25232, p< Qt, 
resulting from one deviant S ; its re- 
sponses to the immediate side increased 
from 56% to 100% from Wk. 1 to 
Wk. 7 unlike the other Ss perform- 
which dropped to 0% before shifting 
ee final preference for the immediate 
side. 

The data for the bar-pressing task 
are shown in Table 1. There was a 
tendency early in training for both Ss 
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to press the delay bar; however, the 
preference changed so that by the final 
week Ss were pressing the immediate 
shock-food bar. 


Discussion 


The learning data presented evidence 
that the slope of the temporal gradient of 
reward is steeper than the temporal gra- 
dient of punishment. The relative slope 
of the two types of temporal gradients of 
reinforcement is opposite to the slope of 
the motivational type of gradients re- 
ported by Miller (e.g., Miller, 1959). It 
should be noted, however, that there are 
differences between these two types of 
gradients; for example, Miller’s gradients 
assess the relative strength of motivation 
at various distances from the goal, while 
temporal gradients describe the declining 
effectiveness of a delayed reinforcer for 
establishing a response. The relatively 
greater effectiveness of a delayed punish- 
ment may exist because an unsignaled 
shock is more aversive and because pre- 
paratory responses cannot be made 
(Knapp, Kause, & Perkins, 1959), al- 
though a competing response interpreta- 
tion also must be considered (Renner, 
1964a, p. 431), especially in view of the 
apparent difficulty in replicating the 
greater aversiveness of delayed over im- 
mediate shock (Perkins, Levis, & Sey- 
mann, 1963). Although it is reasonable 
to assume that the unsignaled nature of 
a delayed shock would make preparatory 
responses more difficult and would result 
in the delayed punishment being more 
aversive, there is also the opposing effect 
of the time interval which reduces the 
effectiveness of the punishment on the 
response. The conditions which control 
the slope of the temporal gradient have 
not been specified, but for present pur- 
poses, it is sufficient to note that the 
learning data are consistent with the 
preference data on the relative value 0 
immediate and delayed outcomes. —— 

The results have some general implica- 
tions for the process of temporal integra- 
tion; they illustrate that the temporal 
gradients of reward and punishment ca" 
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be used to specify the relative value or 
utility that any particular reward or pun- 
ishment will have in a preference situa- 
tion requiring temporal integration, The 
net value of multiple rewards and punish- 
ments, when both are contingent on the 
response, may be seen as the net or com- 
bined value of their separate rewarding 
and punishing value, similar to the pre- 
vious findings on temporal integration 
(Renner, 19642). 

The failure of the cues to facilitate 
acquisition is surprising in view of pre- 
vious results (Renner, 1963) and the 
results of the bar-pressing test in which 
a derived positive or negative secondary 
reinforcing capacity of the delay interval 
cue was demonstrated. This incremental 
function of cues associated with shock 
and nonreward, and the decremental func- 
tion of cues associated with avoidance 
and reward (Mowrer, 1960), lends sup- 
Port to the assumptions made in the 
previous work on temporal integration 
(Renner, 1964a). 
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OPERANT CONDITIONING AND ASSOCIATED 
ELECTROMYOGRAM RESPONSES? * 


DAVID G. RICE 


University of Wisconsin 


Operant GSR conditioning was attempted with Ss seated in a dark 
room and unelicited GSRs reinforced with a white light. Electromyo- 
graphic (EMG) monitoring of the fingers holding the GSR electrodes 
indicated preceding muscle-tension changes (which can often lead to 
a GSR). Response frequency for contingent reinforcement and yoked 
noncontingent reinforcement control groups differed significantly over 
the reinforcement period when all criterion unelicited GSRs were rein- 
forced. Separate analyses of GSRs preceded and not preceded by 
EMG changes within the same S gave no indication that movement- 
related GSRs were significantly responsible for the experimental and 
control group difference during reinforcement. Additional Ss were 
reinforced for only those criterion GSRs given in the absence of 
preceding EMG changes. Evidence for operant conditioning in these Ss 
was equivocal. A complicating factor was the greater average number 
of GSRs necessary for reinforcement, compared to Ss in the condition 
where all criterion GSRs were reinforced. The present findings do not 
support the hypothesis that a skeletal (rather than an autonomic) re- 


sponse is acquired in operant GSR conditioning. 


Several authors (Kimble, 1961; 
Konorski & Miller, 1937; Mandler, 
Preven, & Kuhlman, 1962; Skinner, 
1938) have expressed doubt that the 
GSR, and other autonomic nervous 
System responses, can be operantly 
conditioned. However, recent experi- 
ments by Fowler and Kimmel (1962), 
Kimmel and Kimmel (1963), and 
Shapiro, Crider, and Tursky (1964) 
appear to demonstrate successful oper- 
ant GSR conditioning, 

Fowler and Kimmel (1962) placed 
Ss in a dark room and reinforced un- 
elicited GSRs with a white light. Each 
yoked noncontingent control group S 

1 The present stu i = 
tion submitted to aeaea Suas s 
University of Wisconsin in partial fulfillment 
of the requirements for the PhD degree. 
The author would like to thank Barclay 
Martin, major professor, and Leonard Ber- 
kowitz and Albert Marston, members of 
the research committee. Appreciation is ex- 
pressed to Norman Greenfield for permission 
to use the psychophysiological facilities of 
the Wisconsin Psychiatric Institute. 


received the same number of reinforce- 
ments per minute as his respective ex- 
perimental group S. Reinforcement 
was administered at a time when the 
control group S was not giving a GSR. 
The two groups showed a significant 
divergence in the number of criterion 
unelicited GSRs during the 16-min. 
reinforcement period and then a con- 
vergence during a subsequent extinc- 
tion period. Kimmel and Kimmel 
(1963) replicated these findings, after 
introducing some minor procedural 
changes. 

Kimmel and Kimmel state that they 
are able to rule out movement of 
S’s hand which contained the GSR 
electrodes as a possible factor in in- 
creased response emission for the con- 
tingent group, since the observed re- 
sponses were "in no way qualitatively 
similar to such ‘motor artifacts. 
They do admit, however, that their 
conclusion of successful operant GSR 
conditioning can be challenged in terms 
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of an "almost infinite number of pos- 
sible somatic mediators.” 

The present author is skeptical of 
their statement concerning the absence 
of hand-movement artifacts. Changes 
in muscle tension produced by body 
movements of even very small magni- 
tude can be shown to frequently pre- 
cede skin-conductance changes. Fur- 
thermore, attempting to assess any 
movement contingency by postexperi- 
mental interviewing (as used in the 
Kimmel studies) is probably not the 
best procedure. The S may not be 
aware of any consistent movement re- 
sponse he is making or the response 
may be so trivial or of such small mag- 
nitude that he would not consider it 
important enough to mention. It is 
thus possible that the conditioninglike 
curves in the Kimmel studies were due 
to the acquisition of a skeletal response, 
that of hand movement, rather than the 
result of operant GSR conditioning. 

In the present study, operant GSR 
conditioning was attempted by rein- 
forcing only those unelicited GSRs 
given in the absence of preceding mus- 
cle-tension changes. Electromyographic 
(EMG) monitoring of the fingers con- 
taining the GSR electrodes also per- 
mitted a separate analysis of GSRs 
preceded and those not preceded by 
EMG changes. 


METHOD 


Subjects.—Seventy-two male college stu- 
dents were divided into four groups of 18 Ss 
each. The first two groups (GSRs and 
GSRo) were roughly analogous to the con- 
tingent reinforcement and noncontingent rein- 
forcement yoked control groups of Kimmel 
and Kimmel (1963). Groups 3 and 4 (GSR- 
EMGs and GSR-EMGo) were similar in 
procedure to the first two groups except that 
GSR-EMGs Ss were reinforced for only 
those unelicited GSRs of criterion magnitude 
given in the absence of EMG indications of 
preceding muscle-tension changes. — 

Apparatus.—Forearm muscle tension (su- 
perficial finger flexor group) was recorded 
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using a Grass EMG and Integrator pre- 
amplifier (Model SP3A). Two Grass EEG 
silver electrodes were attached with redux 
paste on the dorsal part of the forearm about 
two-thirds of the distance from the wrist to 
the elbow. The location of the electrodes 
varied slightly for different Ss, and was de- 
termined by having each S move his fingers 
up and down rapidly, The electrodes were 
attached directly over the point of maximum 
muscle response. Continuous skin resistance 
was recorded with a Fels dermohmmeter 
(Model 22A) and zinc electrodes (see Lyk- 
ken, 1959), taped to the first and third fingers 
of S's right hand. 

The reinforcing stimulus was a 1-in. square 
of white light, attenuated by a translucent pa- 
per filter, and manually presented by E for a 
controlled 1-sec. time interval. The light 
was located approximately 6 ft. from S and 
gave off an illumination of 4.7 footcandles 
(ftc.) at its source. The S breathed in and 
out in correspondence with a standardized 
tape recording of human breathing sounds. 
This helped eliminate erratic breathing (such 
as a sudden deep breath) which can some- 
times precede a GSR and act as a confound- 
ing somatic response. 

Procedure—After the physiological ap- 
paratus was attached, the breathing pro- 
cedure was demonstrated and $ was told to 
relax and watch for the light stimulus, just 
observing it when it came on. The experi- 
mental room was relatively soundproof, light- 
proof, and a constant temperature of 74+ 2? 
was maintained. 

Following the instructions, a 10-min. rest- 
ing period was given, the last 5 of which 
were taken as S’s operant level of unelicited 
GSRs. This was followed by a 16-min. rein- 
forcement period, and then 10 min. of extinc- 
tion. The dermohmmeter-sensitivity setting 
was determined for each 5 at the start of the 
5-min. operant level resting period. Norma- 
tive data for expected initial resistance levels 
were determined from the resting period 
records of a group of 50 similar Ss used in 
a previous experiment. 

Each control group S was closely matched 
to an experimental group S on the basis of 
a similar sensitivity (beginning resistance) 
level and a similar number of criterion GSRs 
during the 5-min. operant period. Matching 
was done at the end of the operant period, 
immediately before the start of the reinforce- 
ment period. 

The change in resistance necessary for re- 
inforcement varied in accordance with the 
law of initial levels (Wilder, 1957). The Ss 
run under the high-dermohmmeter-sensitivity 
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setting (ie, Ss with a low resting period 
resistance level, who were expected to show 
the least average resistance drop when giving 
a GSR) were reinforced for a drop in re- 
sistance of 600 ohms within a 2-sec. interval 
of time, The Ss with the middle sensitivity 
setting were reinforced for a drop of 1,200 
ohms resistance within 2 sec. and Ss with the 
least sensitive setting for a drop of 2,400 
ohms within 2 sec. GSRs which occurred 
within a 5-sec. period following the light 
presentation were not reinforced or counted 
in the data tabulation. 

GSRz Ss were reinforced for a criterion 
GSR, irrespective of the EMG response dur- 
ing the 2-sec. latency period preceding the 
GSR. GSRo Ss were given the same num- 
ber of reinforcements per minute as their 
respective experimental Ss, irrespective of 
EMG indications, at a time when they were 
showing a relatively stable resistance level. 
GSR-EMGs Ss were reinforced for each 
criterion GSR not preceded by an EMG 
change of 2 mm. (8 mv.) or greater. GSR- 
EMGo Ss did not receive reinforcement 
if they showed a 2-mm. or greater EMG 
Change, despite a concurrent stable skin re- 
sistance level. Limited postexperimental ques- 
tioning failed to find anyone who could state 
an awareness of the reinforcement con- 
tingency. 


HIGH f @—@ EXPERIMENTAL GROUP 
OPERANT L@- -e YOKED CONTROL 


LOW [ 0—o EXPERIMENTAL GROUP 
OPERANT Lo- =O YOKED CONTROL 
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Fic. 1. Mean transformed GSR fr 
for Ss in the GSRs and GSRo odin 
divided by operant level, during reinforce, 
ment and extinction. 
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RESULTS 


Each S’s raw-score frequency of cri- 


terion GSRs per minute was averag 
in order to reduce variability. 
5-min. operant level resting period 
expressed in terms of the mean fre 
quency of response per minute, 
reinforcement period data were com- 
puted in terms of the mean frequency 
of response during each of four, 4-min, 
blocks of trials and the extinction 
in terms of five, 2-min. blocks. 1 
The Ss were divided by E for stan — 
tistical purposes into high- and low- 
operant pairs on the basis of the total 
summed response frequency of each 
experimental S and its yoked contro 
during the operant period. In analyz- 
ing each experimental and control d 
a VTEST + 1/REST + 1 x 100 
transformation used by Fowler and 
Kimmel (1962) and Kimmel and Kim- ~ 
mel (1963) was employed. The trans- 
formation helped to minimize the effect 
of differences in operant level response: 
rate. F 
Analysis of variance indicated that 
the GSRg group responded at a sig- 
nificantly higher frequency, F (1, 32) - 
= 5.68, p < .05, during the reinforce- 
ment period than did the GSRo group © 
(see Fig. 1). The high-operant ex- 
perimental group mean was signifi-- 
cantly greater (5 «.05) than the 
high-operant control group mean by à 
Duncan range test (Duncan, 1955). 
The low-operant experimental and con- - 
trol group means did not differ sig- - 
nificantly. Kk 
Analyses of variance computed for - 
criterion GSRs preceded and not pre- 
ceded by EMG changes within the 
same S indicated no significant main 
effect between GSRg and GSRo groui 
on either type of response. Movement: 
related GSRs did not show the sys- 
tematic increase in frequency expected. 
if skeletal conditioning were occurring | 
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nor did they contribute disproportion- 
ately (compared to GSRs in the ab- 
sence of movement) to the significant 
difference between the GSRg and 
GSRo groups during reinforcement. 

Analysis of the GSR-EMGg and 
GSR-EMG, data during the rein- 
forcement period (see Fig. 2) yielded 
no significant between-groups main ef- 
fect but a significant Contingency X 
Operant Level interaction, F (1, 32) 
= 6.72, p « 05. Figure 2 indicates 
that the interaction occurred because 
the response frequency of the low-oper- 
ant control group was greater than 
the low-operant experimental group 
while the response frequency of the 
high-operant experimental group ex- 
ceeded that of the high-operant control 
group. A Duncan range test indicated a 
significant difference (p < .05) between 
the high-operant experimental and 
control group means, Analysis of vari- 
ance of the extinction data yielded no 
overall significance between group 
means. However, the high-operant 
experimental group mean was signifi- 
cantly different (p < .05) from the 
high-operant control group mean when 
a Duncan range test was applied. 


Discussion 


When GSRs were reinforced irrespec- 
tive of preceding EMG changes (the 
GSR, and GSRg conditions), the re- 
sponse frequency of the experimental and 
control groups during reinforcement was 
significantly different. Although this 
finding is similar to that of Kimmel and 
Kimmel (1963), there are many differ- 
ences between the two studies that make 
a direct comparison of results difficult. 
Kimmel and Kimmel: (a) did not match 
Ss on initial resistance level and operant 
response rate; (b) used a 0.36-ftc. white 
light stimulus of .1 sec. duration, located 
30 in. from S; (c) did not employ a 
mechanical control for erratic breathing ; 
(d) reinforced "any response discernible 
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Fic. 2. Mean transformed GSR frequency 
for Ss in the GSR-EMGz and GSR-EMGo 
conditions, divided by operant level, during 
reinforcement and extinction. 


MEAN -VTEST#H/REST#1 X100 TRANSFORMED GSR 
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to the naked eye"; and (e) used palmar 
GSR electrodes. 

Figure 2 indicates that the high-operant 
GSR-EMGg and GSR-EMGg groups 
diverged toward the end of the reinforce- 
ment period and converged during extinc- 
tion. This is typical of the type of 
response frequency change expected in 
operant conditioning and is in contrast to 
the GSR, and GSR response rates (see 
Fig. 1) which tended to converge during 
the last 4 min. of reinforcement. How- 
ever, since analysis of variance failed to 
show significant main effects or a sig- 
nificant Contingency X Trial interaction, 
the Duncan range test finding of a sig- 
nificant difference between the high- 
operant GSR-EMGg and GSR-EMGg 
means should perhaps be interpreted with 
caution, There are two important added 
factors in reinforcing only those GSRs 
unaccompanied by muscle-tension change: 
(a) GSR-EMG Ss will receive fewer 
total reinforcements over a given rein- 
forcement period than will Ss in the GSRy 
and GSR, conditions and (b) GSR-EMG 
Ss will be reinforced on a partial-rein- 
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forcement schedule requiring a greater 
average number of responses per rein- 
forcement than was necessary for the 
GSRg Ss. 

An attempt to control for the factor 
of different total number of reinforce- 
ments was undertaken with 18 additional 
S pairs. These Ss were tested under the 
GSR-EMG conditions, but given a 25- 
min, reinforcement period. Analysis of 
variance applied to the transformed data 
for these additional Ss indicated no sig- 
nificant main effect or difference by 
operant level between experimental and 
control groups during either the rein- 
forcement or extinction periods. The ex- 
tended reinforcement period GSR-EMG 
Ss received an average of 28.39 rein- 
forcements, compared to 30.50 in the 
GSRy and GSRo groups and 13.72 in 
the GSR-EMG condition. 

The data from the extended reinforce- 
ment period GSR-EMG Ss fail to repli- 
cate the trends toward traditional condi- 
tioning and extinction curves suggested 
by the high-operant GSR-EMGg and 
GSR-EMGg groups. Thus, the evidence 
is somewhat equivocal as to whether 
operant GSR conditioning is possible 
when only those GSRs given in the ab- 
sence of preceding muscle-tension changes 
are reinforced. The fact that under this 
procedure a high number of responses 
are necessary before reinforcement is 
given suggests that one may be less likely 
to obtain operant GSR conditioning, even 
when theoretically possible, 

Smith (1954) proposed that all auto- 
nomic conditioning is an artifact of skele- 
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tal muscle responding. The 
results do not support the hypothesis th; 
the acquisition of a skeletal response 
finger movement is responsible for si 
nificant experimental and control grouy 
differences in operant GSR conditionin 
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69 female undergraduates were tested for generalization of a voluntary 
finger-lift response trained to 490 ma. Ss labeling the CS "green" 
(n= 22) responded more to longer (“greener”) wavelengths and less 
to shorter (“bluer”) wavelengths than those labeling it "blue" 
(n=27). 20 control Ss (not required to label the CS) yielded a 
gradient intermediate between the 2. The same 69 Ss were also 
tested for generalization of the finger-lift response trained to 584 ma. 
Ss labeling this CS “orange” (n —20) responded more to longer and 
less to shorter wavelengths than those labeling it “yellow” (n= 29). 
20 control Ss (not required to label the CS) yielded a gradient inter- 
mediate between the 2, It was concluded that with human Ss and a 
labelable training stimulus, primary stimulus generalization and medi- 
ated generalization (via stimulus labeling) are likely to be confounded. 


Recent research in this laboratory 
(Thomas & Bistey, 1964; Thomas & 
Mitchell, 1962) has suggested that 
stimulus generalization of a voluntary 
finger-lift response to a monochromatic 
stimulus may be distorted by a media- 
tional effect of the label (color name) 
S implicitly gives to the CS. The pur- 
pose of the present study was to make 
stimulus labeling explicit rather than 
implicit and to determine whether the 
mediational effect of the label is (a) 
to enhance generalized responding to 
stimuli to which the label is appropri- 
ate, (b) to depress generalized re- 
sponding to stimuli to which the label 
is inappropriate, or (c) both. 


METHOD 


Subjects —The Ss were 69 undergraduate 
women enrolled in introductory psychology 
courses at Kent State University. 

Apparatus—The apparatus | o 
structed as follows. A $-in. circular disc 
of frosted glass was encased in a panel 20 in. 


1 This investigation was supported in part 
by Public Health Service Grant HD-00923-03 
from the National Institute of Mental Health 
and was carried out by the second author in 
partial fulfillment of the requirements for the 
MA degree in psychology at Knt State Uni- 
versity, August 1964. 


high and 24 in. wide. The panel, which was 
painted flat black, faced S with the disc ap- 
proximately at eye level. The light source, 
mounted behind the glass disc, was a Bausch 
and Lomb monochromator, Model 33-86-02, 
equipped with a tungsten light source, The 
manipulandum was a telegraph key attached 
to the table to the right of the panel within 
easy reach of S's right hand. The key was 
wired so that its release activated a signal 
light on E’s side of the panel thus signifying 
a response. 

Procedure-—Approximately half of the Ss 
were tested for generalization first with the 
490 mp CS, second with the 584 my value. 
For the other half this order was reversed. 
The standard generalization instructions 
were used for the 20 control Ss (see Kalish, 
1958). (The same 20 Ss provided the con- 
trol data for both CS values.) The other 
49 Ss received modified instructions requiring 
them to label the stimulus ("red, orange, 
yellow, green blue, or violet") when it was 
first presented. (This list of alternatives 
was recited in reverse order for half of the 
Ss.) No combination of labels (e.g., bluish- 
green) was allowed; S had to make a com- 
mitment to a single category name. Of the 
49 experimental Ss, 27 labeled 490 my “blue” 
and 22 labeled it “green.” Of these 49 Ss, 
29 labeled 584 mp “yellow” and 20 labeled it 
"orange." The uneven number of Ss in the 
various label groups reflected the a priori 
decisions that a minimum of 20 Ss was 
desirable in each group and that all of the 
data collected in fulfilling this requirement 
should be included in the analysis. 
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Following a 60-sec. presentation of the CS, 
eight randomized series of seven test stimuli 
including the CS were presented. The test 
stimuli for the 490 mu CS were 475, 480, 
485, 490, 495, 500, and 505 my. The test 
stimuli for the 584 mu CS were 564, 571, 578, 
584, 590, 595, and 600 my. In the case of 
both CS values the test stimuli were ap- 
proximately +2, 4, and 6 jnd’s from the CS 
(as indicated in a pilot study with 12 addi- 
tional Ss). Each test stimulus was presented 
for a period of 3 sec. and was followed by a 
blackout of 5-10 sec. allowing sufficient time 
for E to record the presence or absence of a 
response and to change the monochromator 
setting. 

After completion of the generalization test 
with the first CS value, approximately 5 
min. were allowed to intervene (supposedly 
for E to collect certain biographical informa- 
tion from S) and then the instructions were 
reread, the second CS value was presented, 
us S was tested for generalization a second 

ime. 


RESULTS AND Discussion 


Because the order of exposure of the 
two CS values and the order of listing 
the color labels had no discernible effect 
upon performance, the data were 
pooled over these conditions. In Fig. 
1 are presented the mean generaliza- 
tion gradients of the blue-label (n = 
27), green-label (n — 22), and con- 
trol (n = 20) groups for the 490 mp 
CS. An analysis of variance of total 
number of generalized responses to 
wavelengths shorter than the CS (485 


MEAN NUMBER OF RESPONSES 


475 480 485 490 495 500 505 
WAVELENGTH (Mu) 


Fic. l. Mean generalization gradients of 
the blue-label group, the green-label group, 
and the control group for the 490 my CS. 
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Fic. 2. Mean generalization gradients of 


the yellow-label group, the orange-label 
group, and the control group for the 584 
ma CS. 1 


mp and below) for the three groups ` 
yields an F (2, 66) = 5.53, p < 01; 
for wavelengths longer than the CS - 
(495 mp and above) the corresponding 
F (2, 66) was 4.53, p < .02. 
Figure 2 presents the mean generali- ~ 
zation gradients of the yellow-label (n - 
= 29), orange-label (» — 20), and 
control (n = 20) groups for the 584 
mp CS. An analysis of variance of 
total number of generalized responses 
to wavelengths shorter than the CS 
(578 mp and below) for the three 
groups yields an F (2, 66) = 16.46, 
p <.01; for wavelengths longer than 
the CS (590 my and above) the corre- 
sponding F (2, 66) was 7.98, p < 0l. 
In all four comparisons (above and 
below each CS value) the group for 
which the label was appropriate (egs i 
“green” is appropriate for the test val- 
ues longer than the 490 mp CS) 
showed the most generalized respond- 
ing, that for which the label was in- 
appropriate showed the least, with the 
control group intermediate. One issue 
remains to be considered before a final. 
conclusion regarding the direction of 
the mediational effect may be reached. - 
If the Ss in the control (no-label) 
group actually did label the CS (though: 
not requested to do so) their gradient. 
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would be a composite of the gradients 
of the two label groups and then no 
decision on the direction of the media- 
tional effect could be justified on the 
basis of present data. Evidence that 
control Ss did not implicitly label the 
CS comes from a comparison of the 
variances associated with the means of 
totaled generalized responses treated 
earlier. If the control gradient were 
a composite of the gradients of the two 
label groups the variance of the scores 
in the control group should be greater 
than that of the other two groups. In 
none of the four comparisons was this 
the case and in one instance (with test 
wavelengths longer than the CS of 584 
mp) the control group was the most 
homogeneous of the three. 

It seems safe to conclude that in the 
present study "primary stimulus gen- 


915 


eralization" with a labelable CS ex- 
hibited enhancement of responding to 
stimuli to which the CS label was 
appropriate and depression of respond- 
ing to stimuli to which the CS label 
was inappropriate. The generality of 
the confounding of primary and sec- 
ondary generalization observed here is 
a question which should provide the 
basis for further research. 
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University of Texas 


Schulz and Ebenholtz have reported that following serial learning re- 
call of the items’ serial positions yields a bowed serial-position curve. 
According to the ordinal-position hypothesis of serial learning, the re- 


call task used required backward, or R-S, recall. 


To determine if the 


direction of recall affected the level of recall, this experiment tested re- 
call of items, given position numbers, and recall of position numbers, 


given items. 


No difference in overall level of recall was obtained as 


a function of direction. The serial-position curves for forward and 
backward recall differed, forward recall being better at the end of the 
list and backward recall better in the middle. 


Schulz (1955) reported an experiment in 
which Ss, after learning a serial list, were 
Presented the items and asked to recall the 
serial positions in which they had occurred. 
Recall was found to show a bowed serial- 
position curve similar to that typically found 
in serial learning. This was interpreted as 
indicating greater generalization of serial- 
position associations in the middle than at 
the ends of the list. Schulz also found, how- 
ever, that level of recall did not vary signifi- 
cantly with the degree of original learning 
and that even with overlearning position re- 
call was considerably less than perfect. 

Ebenholtz (1961) repeated the experiment, 
using different materials and criteria for 
learning, in an attempt to produce differences 
in the level of recall as a function of degree 
of learning. His results, like Schulz’, failed 
to yield any effect for degree of learning. 

Ebenholtz (1961) has pointed out that if 
serial learning involves the formation of po- 
sition associations in which the item's serial 
position functions as the stimulus and the 
item as the response, then the recall task 
used in these experiments is a backward re- 
call task. Previous research has suggested 
(cf. Jantz & Underwood, 1958) that R-S 
(backward) recall increases more slowly 
than S-R recall with increasing amounts of 
S-R learning and reaches a low asymptote 
even after high degrees of S-R learning. 
Asch and his associates (cf. Asch & Eben- 
holtz, 1962) have suggested that this effect 
results from lesser availability of the S terms 
rather than an asymmetry in the S-R and 
R-S associations, Since in serial learning 

1The present experiment was Performed under a 


grant from the Nati i 
to The University of. E. Foundation (GB-979) 


the position numbers are not explicitly pres- 
ent, it might be expected that they would be 
less easily recalled than the items. Thus if 
the recall task used by Schulz and Eben- 
holtz is an R-S recall of position-item pairs, 
it would be expected that Ss given the items’ 
position numbers and required to recall the 
items would yield a higher level of recall 
than Ss given the items and required to re- 
call their position numbers. The present ex- 
periment was designed to test this hypothe- 
sis by comparing S-R and R-S recall of po- 
sition associations following serial learning. 
Method—Two groups, S-R and R-S, 
learned a'10-item serial list. The S-R group 
was then presented the numbers 1-10 in ran- 
dom order and instructed to recall the item 
which had appeared in each position, The 
R-S group was presented the items in ran- 
dom order and instructed to recall the po- 
sition in which each had occurred, Two sets 
of 10 two-syllable adjectives, selected from 
the Melton and Safier list (Hilgard, 1951) 
for low formal and meaningful similarity, 
were used. From each set, three random 
orders were selected for serial learning. For 
the recall task, four random orders of each 
serial list and the position numbers were 
prepared, yielding a 2X 2 X 3 factorial de- 
sign for serial learning and a 2 X 2 X 3 X 4 
factorial design for recall. A total of 48 Ss 
from introductory psychology classes served 
in the experiment and were randomly as- 
signed to condition in order of appearance. 
Each S was read standard serial-learning 
instructions and then learned the serial list 
to a criterion of one errorless trial. Instruc- 
tions were then given for recall, and S re- 
ceived one recall trial in either the S-R or 
R-S direction. Both serial learning and re- 
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call lists were presented on a Lafayette mem- 
ory drum, the former at a 2-sec. rate with 
a 6-sec. intertrial interval and the latter at 
a 4-sec. rate. 

Results and discussion.—Mean numbers of 
trials to reach a criterion of one perfect reci- 
tation were analyzed for the serial-learning 
task. Order (S-R vs. R-S) failed to pro- 
duce a significant effect, F « 1. Lists also 
failed to reach significance, F (5, 36) = 1.75, 
as did the interaction, F « 1. On the basis 
of this analysis it is not possible to reject the 
hypotheses of equivalent groups and lists. 

The mean numbers of items recalled cor- 
rectly by the S-R and R-S groups were, re- 
spectively, 6.13 and 6.08, F<1, indicating 
that there was no difference in overall level 
of recall for the two conditions. 

The serial-position curves for the S-R and 
R-S groups are presented in Fig. 1. Linear 
and quadratic trend analyses were performed 
for these data. In the former analysis, 
Linear Trend X Order was significant, F (1, 
40) —1146, p «.001. No other Fs reached 
significance. In the latter analysis, Quadratic 
Trend X Order was significant, F (1, 40) = 
14.74, p<.001. Quadratic Trend X Recall 
Order was also significant, F (3, 40) — 3.55, 
b €.05. No other Fs reached significance. 

Inspection of the serial-position curves re- 
veals that S-R recall produced superior recall 
of items at the end of the list. R-S recall 
produced superior recall for positions in the 
list's middle. These effects are reflected in 
the significant linear and quadratic trends 
obtained in the analyses of the data. It 
would appear that Schulz’ and Ebenholtz’ 
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Fic. 1. Mean proportions of correct responses at each 
serial petia for S-R and R-S recall. 


use of a backward recall task does not ac- 
count for the low overall level of recall in 
their experiments. The present results sup- 
port Asch and Ebenholtz’ (1963) suggestion 
that S-R and R-S recall are equivalent. No 
explanation is immediately apparent for the 
serial-position differences obtained between 
forward and backward recall. 
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STIMULUS MEANINGFULNESS AND UNLEARNING IN THE A-B, 
A-C TRANSFER PARADIGM + 


JOSEPH A. BRYK anv DONALD H. KAUSLER 
St. Louis University 


The effect of stimulus meaningfulness on the unlearning of List-l re- 
sponses and associations in the A-B, A-C transfer paradigm was in- 
vestigated by the "modified" modified free recall (MMFR) method. 
Evidence was found for greater extinction of B responses under high 
than under low meaningfulness. The effect of meaningfulness on A-B 
extinction, however, did not approach statistical significance. 


Considerable evidence (e.g, Barnes & Un- 
derwood, 1959) has indicated that List-l as- 
1This study is based on a thesis submitted by the 


first author to the Graduate School, Saint Louis Uni- 
versity in partial fulfillment for the MS degree. 


sociations are “unlearned,” at least partially, 
during practice on List-2 pairs in the A-B, 
A-C transfer paradigm. Goggin (1963) fur- 
ther introduced a procedure designed to 
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measure separately the extinction of B re- 
sponses and A-B associations. Her proce- 
dure permits an unbiased measure of the 
availability of List-1 B responses, and, hence, 
may be employed as a measure of the degree 
of B unlearning with continuing List-2 prac- 
tice. However, the Goggin procedure for 
measuring A-B availability, and, presumably, 
A-B extinction during List-2 practice, is 
limited to only those associations for which 
B responses are available for recall As 
such, the measure of A-B or associative un- 
learning is somewhat biased by this restrict- 
ing influence, Following the completion of 
the present study, a study by McGovern 
(1964) appeared which introduced an asso- 
ciative matching procedure—one which ex- 
tends the measure of A-B availability to 
those pairs involving unrecalled B terms, as 
well as recalled B terms. McGovern’s study 
provides strong support for the extinction of 
both B and A-B components during List-2 
practice, 

A problem area of increasing importance is 
the establishment of functional relationships 
between task variables and the amount of 
List-l unlearning. For example, Postman, 
Keppel, and Stark (1965) related unlearning 
to the nature of the class relationship be- 
tween the B and C responses. The present 
study related B and A-B unlearning to stimu- 
lus meaningfulness (M). A number of in- 
vestigators (eg, Epstein & Streib, 1962) 
have provided empirical support for the im- 
portance of the stimulus term in paired-asso- 
ciate acquisition. The effect of stimulus M 
on List-1 unlearning, however, is difficult to 
predict. The principle of associative prob- 
ability (Underwood & Schulz, 1960) implies 
that stimuli of high M have available a 
greater number of mediating associates for 
“hooking-up” of A-B List-1 associations than 
do stimuli of low M. Consequently, in the 
transition to List-2 A-C pairings, more al- 
ternative mediators should be available for 
high M pairs than for low, thus necessitating 
less unlearning for the former than for the 
latter (assuming the majority of pairs are so 
mediated). On the other hand, differential 
cue selection (Underwood, 1963) may serve 
as a determining factor of unlearning effects, 
With high M stimuli the entire nominal 
stimulus (the A term) is likely to be the 
functional stimulus of List 1; with low M 
stimuli an element of the nominal stimulus is 
likely to be selected as the functional stimu- 
lus (Leicht & Kausler, 1965). Tf, under low 
M, a different element of the nominal stimu- 
lus is selected as the cue during List-2 acqui- 

sition, the two lists enter into an A-B, C-D 
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paradigm, rather than A-B, A-C. We wor 
then expect to find greater unlearning under 
high M than low. It seems apparent that 
empirical evidence is strongly needed in 
problem area. 

Method.—Seventy-two undergraduates e 
assigned alternately to the six conditions ¢ 
a 3X2 design: three levels of stimulus M- 
Low (L), Intermediate (1), and High (H) 
—and two levels of List-2 practice—l and 
10 Trials. Each list contained eight non-- 
sense syllable-adjective pairs. The L, I, d 
H syllables were selected from the 0-20 
40-60%, and 80-100% Archer (1960) ranges. 
The responses were unrelated adjectives from. 
Melton and Safier (Stevens, 1951). Intra- 
list (both components) and interlist (adjec 
tives only) similarity was minimized as E. 
as possible. List-1 practice was to a criterion. 
of one perfect trial. The exposure rate (an- 
ticipation method) for both lists was 2; 
Sec, with an 8-sec. intertrial interval and 
l-min. interlist interval. Following List- 
practice, all Ss were given the “modified” 
modified free recall (MMFR) task, repli- 
cating exactly Goggin's (1963) procedure. - 
In this procedure, a written recall of re- ~ 
sponses from both lists, with a list of the — 
stimuli being present, is requested (without L 
time limit), followed by a matching of the 
recalled responses to the appropriate stimuli — 
and a designation of the list to which the 
pairs belong. Thus, the availability for re- 
Call of responses from both lists (Goggin's 
Method 2) and the availability of S-R asso- 3 
ciations from both lists (Goggin's Method 1) 
were determined. ] 

Results.—Trials to criterion on List 1 for 
all conditions are summarized in Table 1. 
The effect for M was surprisingly pro- 
nounced and highly statistically significant — 
F (2, 66) —18.36, p<.001; however, the I 
and H conditions did not differ significantly - 
as determined by Duncan's multiple-range P. 
test, with the critical range for a=.10 (66) 
being 2.62 and the obtained difference i 
means being .58. Neither the Trials (ie, 
Trials assigned for List 2) nor Trials X M 
effects approached significance, Fs (1, 66; 2, 
66) <1 and 1.24, respectively. 

The MMER scores are also summarized in — 
Table 1, Because of the pronounced hetero- — 
geneity of variance and the nonnormality 
the distributions, response-recall scores fo 


fect of M approached significance, x*(2) = 
4.62, 6<.10. The Trials X M. interaction 
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TABLE 1 
SUMMARY STATISTICS FOR Low (L), INTERMEDIATE (I), AND HiGH (H) STIMULUS MEANINGFULNESS 


AND 1- AND 10- 


TRIAL CONDITIONS 


MMFR 
Trials List 1 
List 1 List 2^ 
Cond. 
R S-R R S-R 
M SD 
M SD M SD M SD M SD 
L-1 17,7 7.4 7.6 2 69 L5 46 14 1.7 1.4 
I-1 6.9 24 73 3 72 12 5.3 1.3 2,8 1.6 
H-1 9.6 54 7.2 11 6.7 14 4.6 17 3.7 24 
L-10 16.4 6.5 5.6 2.1 42 2.0 74 2 6.2 1,8 
1-10 10.1 5.5 4.9 14 $5 1.6 7.5 E 6.6 1.2 
H-10 8.6 4.4 44 14 3.2 1,2 73 3 69 12 


a Only Trials was significant for response recall (p < .001); for S-R recall both Trials and M were significant 
(p <.001 and p < .05, respectively) but not Trials X M (p > .25). 


In view of the significant interaction, the M 
effect was analyzed separately for the 1-Trial 
and 10-Trial conditions and was found to be 
significant for 10 Trials, x*(2) =7.35, p < 
.03, but not 1 Trial, x*(2) <1. 

Analysis of variance (with homogeneity of 
variance) for S-R recall scores on List 1 re- 
vealed a highly significant effect for Trials, 
F (1, 66) =81.09, p<.001, but neither the 
M nor the Trials X M effect approached sig- 
nificance, Fs (2, 66) of 1.01 and <1, respec- 
tively. 

The results replicated previous studies in 
demonstrating some unlearning of both B re- 
sponses and A-B associations after 10 trials 
on A-C pairs (in this case, relative to the 
1-Trial condition, rather than a control con- 
dition without interpolated A-C practice). 
Although the results also provide some sup- 
port for the differential cue-selection hy- 
pothesis as related to M and unlearning, two 
problems limit this interpretation. The first 
is the failure to find a relationship between 
stimulus M and the unlearning of A-B asso- 
ciations—i.e, the relationship occurred only 
for B unlearning. It is conceivable, how- 
ever, that the bias introduced by the Gog- 
gin procedure, as mentioned earlier, may 
have partially confounded the relationship. 
The second problem rests in the markedly 
greater number of trials to List-l criterion 
under L M than under either I or H M. It 
is quite possible that this differential resulted 
in greater strength, through greater repeti- 
tion, of both the responses and the associa- 
tions of many of the pairings in the L con- 
dition, relative to the other levels of M. As 
a test of this possibility, List-1 pairs were 
assigned to two categories, "strong" and 
“weak,” with classification based on the num- 


ber of correct anticipation during List-l 
practice ("strong" pairs being ones with 
more frequent correct anticipations). For 
cach category, the number of B responses 
recalled and the number of A-B pairs cor- 
rectly matched in MMFR for the 10-Trial 
M groups were determined. Because of the 
frequent occurrences of ties, it was impos- 
sible to split List-1 pairs at the median, In- 
stead, splits were made as close as possible 
to the median number of correct anticipa- 
tions, and percentage scores (of the total 
number of pairs in the category) were com- 
puted. For response-recall, the "strong" 
and "weak" percentages, respectively, were 
72.6 and 65.2, 77.2 and 44.1, and 73.5 and 
364, for L, I, and H M. An analysis of 
variance (with arc-sine transformations) re- 
vealed a significant effect for both "Strength" 
of List-1 pairing, F (1, 33) 23.32, p <.001, 
and the Strength X M interaction, F (2, 33) 
= 3.53, p <.05. A closely comparable break- 
down of percentages was found for A-B 
matchings, but only the Strength effect was 
significant, F (1, 33) — 49.09, p < .001, F (2, 
33) for the interaction was 1.74. Undoubt- 
edly, at least a part of the M effect is attri- 
butable to differential strength entering into 
List-2 practice, The importance of List-1 
strength, in general, on unlearning has been 
stressed by Postman (1962). It seems to be 
an important factor in determining the effi- 
cacy of stimulus M on unlearning as well. 
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EFFECT OF INSTRUCTIONAL SET AND AMOUNT OF FIRST 


LEARNING ON NEGATIVE TRANSFER : 


WILMA A. WINNICK 
Queens College of the City University of New York 


A mixed (A-B, X-Y; A-B, A-B,) list was used to study the effect of 
2 kinds of instructions on paired-associate learning of negative transfer 
(A-B.) and control (X-Y) materials. 2 levels of first learning, to 
50% and 100% criteria, were employed as the basis for differences in 
interference in second learning. The data revealed overall differences 
in learning for the negative transfer and control pairs and indicated 
that the amount of first learning was related to these differences. Al- 
though some effect of instructions was apparent in the learning curves, 


analysis of variance of the trials to criterion and error data turned up 
no significant effects of instructions alone or in interaction with the 


other variables. 


Comparisons are made with the study by Schwartz 


(1963) of instructional set in a retroactive interference situation. 


That retroactive interference can be influ- 
enced by attitudes induced by instructions, as 
has been shown by Schwartz (1963), raises 
the possibility that other forms of complex 
learning (ie, learning in the presence of 
interfering responses) may also be suscepti- 
ble of influence by instructions. Specifically, 
this finding suggests that instructions might 
influence the learning phase of the retro- 
active interference paradigm (learn A-B; 
learn A-C i learn A-B), as well as its recall 
phase, This learning phase, with appro- 
priate materials, becomes the negative trans- 
fer paradigm (learn A-B; learn A-C), as 
Woodworth and Schlosberg (1954, p. 762) 
have pointed out. 
, In a search for possible effects of instruc- 
tional sets upon negative transfer, the pres- 
ent experiment used instructions providing 
Ss with expectations about how first learning 
might influence second learning. The paired- 


1 This study was supported b; ^ 
01) from the National Institutes of Hote 00923 


associate learning task used compared second. 
learning of control pairs (A-B, X-Y) and 
negative transfer pairs (A-B, A-B.) in a 
mixed list arrangement, following first learn- 
ing to either a 5076 or a 10096 criterion. 
Method.—Al Ss learned the same two lists 
of adjective-number pairs. Of the 10 pairs 
in the second list, half (the control pairs) 
were completely new (A-B, X-Y) and half. 
(the negative transfer pairs) were composed 
of adjectives and numbers from the first re- 
arranged to form different pairs (A-B, 
A-B.). Half of the Ss learned the first list 
to a criterion of 50% correct learning (Group 
I); half learned to a criterion of 100% cor- 
rect learning (Group II); within these 
groups three subgroups were formed for the 
three kinds of instructions in second learn- 
ing. In this design, then, instructions and 
amount of first learning served as “between” 
effects, while the two kinds of pairs in sec- 
ond learning required within-Ss comparison. 
The Ss were 60 students from the intro- 
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ductory psychology classes at Queens Col- 
lege assigned at random (in the order in 
which they appeared at the laboratory) to 
either the 50% (Group I) or the 100% 
(Group II) criterion group for first learning 
and to one of the three instruction groups 
(A, B, C) for second learning. 

Two learning lists were exposed on a long- 
arm Lafayette memory drum. Each list 
consisted of 10 seven-letter adjectives (seven 
per million frequency) paired with randomly 
assigned two-digit numbers. The X-Y and 
A-B; pairs were reversed from one half of 
each group to the other to control for pos- 
sible differential difficulty of items used in 
the subsets. 

For both lists, stimulus items were ex- 
posed every 4 sec, including a 2.2-sec. an- 
ticipation interval, with a 4-sec. intertrial 
interval and a 2-min. interval separating first 
and second learning. For each list, five 
orders of presentation of the pairs were used 
to prevent the occurrence of serial learning. 

Standard paired-associate learning instruc- 
tions were used, For learning of the second 
list, these were repeated for the control group 
(Group A). The B group was told, in 
addition: 


Since you have already learned some other 
pairs, you might think that this second 
learning will be affected by your previous 
learning. Do not be upset if you find 
some of the previous numbers coming to 
mind. This is to be expected; everyone 
experiences this difficulty, so don't let it 
bother you. Just proceed with the learn- 
ing to the best of your ability. 


These instructions were designed to forewarn 
Ss of possible difficulties, but at the same 
time to provide reassurance. The C experi- 
mental group was told: 


You may think, because you have already 
learned some other pairs, that learning new 
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pairs will be more difficult. This is not so 
at all. It should be quite possible to put 
the previous learning out of your mind 
completely and to proceed with this second 
learning completely afresh. I don't expect 
you to have any difficulty at all because of 
your previous learning. 


These instructions were intended to inform 
Ss of the potential difficulty, but to do so in 
a more upsetting manner. 


Results.—The trials-to-criterion data for 
first learning indicated that the groups to be 
compared were equivalent in learning ability, 
permitting comparisons of the effect of the 
experimental variables on second learning. 
For the groups learning to 50% criterion, 
trials to criterion were 6.2 for A, 5.8 for B, 
and 6.2 for C. For Group II, learning to 
100% criterion, trials to criterion for first 
learning were 18.4 for A, 17.8 for B, and 
19.2 for C. 

Table 1 shows the mean numbers of trials 
to criterion and SDs on second learning for 
the two kinds of material in the six groups. 
The three-way “mixed” analysis of variance 
of these data found significance in the main 
effects of amount of first learning, F(1, 54) 
= 6.02, p < 0.5, and type of pair, F(1, 54) 
=17.98, p<.01, and in the interaction of 
pairs and amount of first learning, F(1, 54) 
= 5.84, p<.05. The finding of significance 
in this interaction, of course, demonstrates 
the effectiveness of the amount of first learn- 
ing as the basis for strength of interference 
in second learning. The main effect of in- 
structions, however, and the interactions in- 
volving instructions did not produce signifi- 
cant F values in the trials-to-criterion data. 

In order to make possible comparisons of 
the course of learning of the X-Y and the 
A-B, pairs in the six groups of Ss, Melton 
curves (Woodworth & Schlosberg, 1954, p. 
535) were plotted; these curves, by convert- 
ing data into trials taken to reach successive 


TABLE 1 


MEAN TRIALS TO CRITERION AND SDs FOR THE TWO KINDS OF PAIRED ASSOCIATES IN THE 
"THREE INSTRUCTION GROUPS WITH 50% AND 100% FIRST LEARNING 


Pairs 


Instruction Groups 


50% First Learning 
X-v 


A-B; 

100% First Learning 
XY 
ABr 
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criteria (one learned, two learned, etc.) per- 
mit the comparison of learning curves of 
groups differing in numbers of trials taken 
to reach criterion. Figure 1 shows these 
Melton curves for the three instruction 
groups after 5096 learning; Fig. 2 after 10096 
first learning. The increasing divergence 
of these curves for Group II compared to 
Group I and in the instruction groups com- 
pared to the control, indicates some effect 
of instructions on the course of learning. 
Since the errors occurring during the 
course of learning may be indicative of 
sources of interference, the error data (ex- 
cluding omissions) were subjected to scru- 


CRITERIA 


SUCCESSIVE 
» 


é 8 M 
TRIALS: pieces 


Fic. 1. Melton curves, showing trials to - 
cessive criteria, for the two Kinds of pibe ere 
P instructions (A, B, C) following 50% first 
learning. 
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tiny. With error data adjusted for differ- 
ences in opportunity to make errors (trials to 
criterion), none of the main effects or their 
interactions were shown by analysis of co- 
variance to yield significant F values. There- 
fore, differences in errors made for the two 
types of pairs after different amounts of first 
learning and under different instructions 
were not disproportionately greater than 
would be predicted from the differences in 
trials taken to reach criterion under these 
conditions. 

Discussion—The results of the present 
study call for comparison with those reported 
in Schwartz's (1963) study of the effect of 


SÜCCESSIVE CRITERIA 


2 + ° a nia 
TRIALS 
Fic, 2. Melton curves, showing trials to reach suc- 


cessive criteria, for the two types of learning, under 
three instructions (A, B, C) following 100% first 
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instructional sets upon retroactive interfer- 
ence. The present data lend some support to 
the conclusion that *, . . the amount of inter- 
ference which may occur in a situation is not 
fixed primarily by the classical variables, 
such as type of material, time interval, etc., 
but is also influenced by the set S is given 
[p. 131].” However, Schwartz found a much 
greater effect of instructions upon recall 
than the small effect evident in the learning 
curves for second learning in the present 
study. Putting aside differences in experi- 
mental design, it is apparent that this con- 
trast in results is basic to differences in the 
situations. To elaborate, when instructions 
are given to S informing him that he will 
later be tested on his recall of OL, he is 
being given information that control Ss have 
no way of obtaining. By contrast, the infor- 
mation given in the present study to the ex- 
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perimental groups (B and C instruction 
groups) is information that readily becomes 
available to control Ss as well, as second 
learning progresses; furthermore, the atti- 
tudes engendered by the instructions are 
those that control Ss are likely to develop 
on their own. All that the two kinds of 
instructions can do is to heighten and sharpen 
the attitudes likely to be present in learning. 
The alternate possibility, that recall per se is 
susceptible of more influence by instructions 
than is the course of learning, is a problem 
for further investigation. 
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(S-R) minus (R-S) and (R-term) minus (S-term) asymmetry were 
found not strongly related to pronounceability of S-R pairs. 


Previous experiments (Newman & Gray, 
1964) failed to support the prediction, de- 
rived from a mediation model of PA learn- 
ing, that (S-R)—(R-S) asymmetry is 
greater in hard-to-pronounce (HP) than in 
easy-to-pronounce (EP) pairs (Prediction 
1), and that pronouncing ease correspond- 
ingly affects (R-term) — (S-term) asym- 
metry (Prediction 2). Failure may have oc- 
curred because there was too little R-term 
learning under the HP condition to permit 
differences in asymmetry to be detected. 

Method.—The training procedure was the 
same as in Newman and Gray (1964) ex- 
cept that each list had four rather than six 
pairs and Ss learned to one perfect trial. 
Each pairing trial presented four pairs on a 
memory drum and was followed by a test on 


1 This is Technical Report No. 13, Office of Naval 
Research Contract Nonr 486 (08). Leona Markman 
collected the data. Reproduction of this article in 
whole or in part is permitted for any purpose of the 
United States government, 

2Now at University of Minnesota. 


which S was shown each stimulus term and 
required to spell the missing response term. 
After paired-associate training, half the Ss 
were tested for aided recall (S-R, then R-S, 
or vice versa) and the remainder for unaided 
recall (R-term, then S-term, or vice versa). 
Both methods of testing took 8 sec. The Ss 
were 96 undergraduate men. 
Results.—Analysis of variance (Table 2°) 
showed that the accuracy of forward ex- 
ceeded that of backward recall by 1.2 terms, 
F (1, 44) —23.5, p<.01. Although both EP 
and HP Ss learned to the same criterion, 
the average EP S recalled almost one term 
more during testing, F(1, 44) —146, p< 
.01. Forward exceeded backward recall 
about equally in the two pronounceability 


3A one-page summary containing anova's, Tables 2, 
3, and 4, has been deposited with the American Docu- 
mentation Institute. Order Document No. 8761, from 
ADI Auxiliary Publications eus Photoduplication 
Service, Library of Congress, Washington, D. C. 20540. 
Remit in advance $1.25 for microfilm or $1.25 for 
photocopies and make checks Usu to: Chief Photo- 
duplication Service, Library of Congress. 


924 
TABLE 1 
MEAN CORRECT 
For- | Back- iff. 
x ari ias Diff. 
Considered | 2.1 1.1 1.1 
Ignored 2.6 1.2 1.4 
onsidered | 1.3 0.0 15 
Ignored 14 0.0 18 
-= 2.8 1.3 1.3 
= 2.3 0.2 2.7 


a Intra-S difference, S-R minus R-S or R-term minus 
S-term. Not reproducible from other figures in Table 
1, which are inter-S comparisons. 


groups, interaction F (1, 44) <1. Thus Pre- 
diction 1 was not supported. Means are 
shown in Table 1. 

Two of the 48 Ss under aided recall got 
more R-S than S-R pairs correct; five had 
no difference. Intra-S differences were ob- 
tained by subtracting the number of correct 
R-S from S-R pairs regardless of testing 
order. The mean difference exceeded zero 
in every treatment combination, smallest 
+(11) = 3.3, two-tailed p <.01. Analysis of 
variance (Table 3*) showed that the ad- 
vantage of forward over backward recall, 
1.3 terms over all conditions, was not sig- 
nificantly affected by pronounceability nor by 
which direction of recall came first, p > .10. 
Though Prediction 1 was again not sup- 
ported, the difference in HP Ss was greater 
than in EP Ss. 

Results under unaided recall were similar 
to those under aided. R-term recall ex- 
ceeded S-term by 1.8 terms, F (1, 44) = 521, 
b«.01. EP Ss recalled more terms than 
HP Ss, F (1,44) —124, p < 01. Thus Pre- 
diction 2 was not supported although again 
the HP difference was greater than the EP 
difference. 

One S got more correct S than R terms 
and six recalled the same number of each. 
The mean intra-S difference, R minus S, ex- 
ceeded zero under all conditions, smallest 
t(11) 2323, p «01. The advantage of R 
term over S term was not significantly af- 
fected by order of the test, p>.10, but it 
was affected by pronounceability; R-term ac- 
curacy exceeded S-term in HP more than 
in EP terms, F(1, 44)=180, p<.01. 
These results support Prediction 2, 

In the preceding analyses, a term was 
scored correct in aided recall only when it 
was correctly paired, whereas in unaided re- 


SUPPLEMENTARY REPORTS 


call the terms could be in any order. To 
compare aided with unaided performance, 
scores were changed to number of different 
intralist R terms or S terms given, pairing 
ignored. Putting those aided and unaided 
scores in the same analysis (Table 3*) now 
three way, showed unaided recall slightly 
more accurate than aided, F (1, 88) = 3.94, 
0» p > .05. 

Discussion—Asymmetry again appeared, 
both in aided and in unaided recall. Asym- 
metry in HP terms significantly exceeded 
that in EP terms in only one of four tests— 
the intra-$ comparison in unaided recall— 
although in all four comparisons the differ- 
ences were in the predicted direction. These 
results, with those of previous experiments 
(Newman & Gray, 1964), suggest that the 
effect of pronounceability on asymmetry is 
not strongly dependent on the amount of 
paired-associate training. 

The better performance in unaided than 
aided recall also agrees with previous find- 
ings. These results support our explanation 
that associative asymmetry results from S’s 
selecting a mediating response to the re- 
sponse term with stimulus properties suffi- 
cient to lead to its own overt emission; for 
the stimulus term such selection is less likely. 

That explanation and the one by Asch and 
Ebenholtz (1962) in terms of item “avail- 
ability" both require R-term vs. S-term 
asymmetry to be at least as great as S-R 
vs. R-S asymmetry ; it was slightly but con- 
sistently greater under all conditions of this 
experiment. Both explanations also imply 
that available S terms are correctly matched 
as often as are available R terms; hence, un- 
der aided recall the proportion of different in- 
tralist S-terms that are correctly paired must 
be as great as the corresponding proportion 
of R terms. For those who scored higher 
than zero with pairing ignored (N = 18), 
the proportion of correctly paired S terms 
was slightly higher than the corresponding 
proportion of R terms, both in inter- and 
intra-$ comparisons. These findings are 
consistent with both explanations. 
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NEW NW — NEW 
TWO CHANNEL TACHISTOSCOPE 


Timers should be direct reading and sufficiently accurate for exposure to 
be read directly from the timer ranges. Settability should be provided by 
a direct reading decimal multiplier and each range should be expanded by 


the use of multiturn precision controls which allow the return to the exact: 


setting previously used. Sufficient overlap should be provided between 
ranges to avoid continuous range changes when operating near the end of 
one range. 


The logic should be sufficiently flexible to permit both fields to alter- 
nate without dark spaces (for CFF and metacontrast studies) and with dark 
spaces for phi phenomena experiments. Provision should be made for op- 
eration either as a two-channel tach or as a single channel unit with the 
second channel ayailable for pre and post-exposure adaption and/or fixation. 


All silicon solid-state logic is required for maximum reliability (since 
the control system must be very compact). Alignment is never perfect, 
therefore an adjustable mirror mount is required to match the centers 
of the two fields (preferably of a two-axis pivoted form) and adjustable 
masks—two separate masks per channel—ywith fully adjustable edges—are 
required to match the edges of the visual field and remove visual cues as 
E as possible. A fully lined (optical black) box is an obvious necessity for 

is reason. 


Many other details should also be considered —from a fitted viewing hood 
to exclude ambient light to exterior hardware of military quality that won't 
shatter or work loose. 


Only one two-channel tachistoscope is available which provides the 
features and performance indicated by the above. It’s the Scientific Pro- 


totype Model 800-F. Compare specifications and prices with any other unit 
available, 


The 800-F two channel tachistoscope is in continuous high-volume pro- 
duction. Delivery is “off the shelf.” 


"A LABORATORY MANUAL IN VISION" COVERING TEN 
BASIC EXPERIMENTS IS PROVIDED WITH THE UNIT. ADDI- 
cane COPIES ARE AVAILABLE SEPARATELY AT NOMINAL 


PRICE: TWO CHANNEL TACHISTOSCOPE MODEL 800-F $895 
rete PRECISION TEN TURN INTENSITY CONTROLS $60 
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SCIENTIFIC PROTOTYPE MFG., CORP. 
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NEW NEW 
SCIENTIFIC PROTOTYPE 


TYPE 800-F 


A TWO-CHANNEL TACHISTOSCOPE FOR STUDENT USE SCI- 
ENTIFIC PROTOTYPE MODEL 800-F. 


A two-channel Tachistoscope for student use must meet very different | 
performance requirements from those needed in a research unit designed 
for a sophisticated user. The student Tachistoscope must provide all the 
performance and flexibility of a research unit with unprecedented reliabil- 
ity despite rough use. It must be very simple in operation, have direct 
reading controls, be compact, be light enough to be moveable, and it 
should operate without the need for patch wires or interconnecting cables. 


The minimum duration should be 1 msec for temporal summation studies 
(Black and Pieron's Laws), and short term visual memory experiments. For 
short duration exposures to be employed in an unrestricted manner, there 
must be provision for restarting a field within a time comparable to the 
exposure time, Therefore a Tachistoscope capable of 1 msec minimum ex- 
posure duration must be capable of starting a field again | msec after it is 
turned off, for example; in alternating two fields 1 msec on and 1 msec off. 
This disqualifies the inductive start systems (or capacitor trigger systems) 
found in other units since recycling rates are inadequate. 


Similarly, turn-off time, optical and electrical, must be short compared 
to 1 msec to preserve exposure accuracy. Therefore silicon controlled recti- 
fiers (or gate turn-off switches) must not be used due to slow turn-off times. 


Lamp intensity must not be subject to line voltage variation and must not 
vary vith the voltage drop across the lamp (which varies over a 6 to 1 range 
from the initial to stabilized value. Scientific Prototype uses a constant 
current regulator to provide the necessary performance (a regulated refer- 
ence supply is provided), and to provide electrical control of intensity over 
approximately one log unit with excellent settability and stability. 
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